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INTRODUCTION. 

The  Survey's  "Contributions  to  economic  geology  "  have  been  pub- 
lished annually  since  1902.  In  1906  the  increase  in  the  number  of 
papers  coming  under  this  classification  made  it  necessary  to  divide 
the  contributions  into  two  parts,  one  including  papers  on  metals  and 
nonmetals  except  fuels  and  the  other  including  papers  on  mineral 
fuels.  In  1915  the  year  included  in  the  title  was  changed  from  the 
year  in  which  the  field  work  reported  in  these  papers  was  done  to 
the  year  of  publication,  and  in  consequence  there  was  no  volume 
entitled  "  Contributions  to  economic  geology,  1914."  The  subjoined 
table  gives  a  summary  of  these  bulletins. 

United  States  Geological  Survey  ** Contributions  to  economic  geology.*' 
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Bulletin 
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a  The  date  given  is  that  of  the  complete  volume;  beginning  with  Bulletin  285,  the  lApen  have  been  issued 
as  advance  chapters  as  soon  as  they  were  ready. 

As  the  subtitle  indicates,  the  papers  included  in  these  volumes  are 
of  two  classes — (1)  short  papers  giving  comparatively  detailed 
descriptions  of  occurrences  that  have  economic  interest  but  are  not 
of  sujfficient  importance  to  warrant  a  more  extended  description; 
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(2)  preliminary  reports  on  economic  investigations  the  results  of 
which  are  to  be  published  later  in  ^bre  detailed  form.  These  papers 
are  such  only  as  have  a  direct  ecdnom*ic  bearing,  all  topics  of  purely 
scientific  interest  being  exclud^-.  ' 

Brief  abstracts  of  the,  publications  of  the  year  are  given  in  the 
annual  report  of  the  ^^e^feor.  The  complete  list  of  Survey  publi- 
cations affords,  by  m'^ns'of  finding  lists  of  subjects  and  of  authors, 
further  aid  in  as^Hsining  the  extent  of  the  Survey's  work  in  eco- 
nomic geologyr-.^ 

The  repO^^  ah  work  in  Alaska  have  been  printed  in  a  separate 
series  sitipe*1904,  the  volumes  so  far  issued  being  Bulletins  259,  284, 
314,  8^879,  442,  480,  520,  542,  592,  622,  642,  and  662. 
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NOTES  ON  THE  GEOLOGY  AND  IRON'  QftES  .OF  THE 

CUYUNA  DISTRICT,  MINNESOTA^ ••" 


By  E.  C.  Habder  and  A.  W.  Johnstok. 
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INTRODUCTION. 

Geologic  work  was  done  in  the  Cnyuna  iron-ore  district  during 
1914, 1915,  and  1916  by  the  United  States  Geological  Survey  in  con- 
junction with  the  Minnesota  Geological  Survey.  The  geologic  infor- 
mation concerning  the  district  has  been  obtained  almost  entirely  from 
drilling  and  mining  operations,  and  these  cover  but  a  small  propor- 
tion of  the  total  area  of  the  district.  As  the  development  work  is  con- 
stantly progressing  and  new  information  is  becoming  available,  it 
has  been  deemed  advisable  to  publish  a  brief  preliminary  report  of 
the  results  so  far  obtained  and  to  delay  the  publication  of  a  more 
complete  report  pending  the  accumulation  of  further  data.  The 
preliminary  report,  of  which  the  present  paper  is  an  abstract,  is 
being  published  by  the  Minnesota  Greological  Survey;  the  more 
complete  report  will  be  published  by  the  United  States  Geological 
Survey. 

In  connection  with  the  work  in  the  Cuyuna  district  it  has  been 
considered  advantageous  to  make  a  study  of  the  rock  outcrops  in 
east-central  Minnesota,  west,  south,  and  east  of  the  district.  It  was 
thought  probable  that  the  structure  and  geologic  relations  of  these 
rocks  might  throw  some  additional  light  on  the  structure  and  correla- 
tion of  the  rocks  of  the  CJuyujia  range  and  on  their  relation  to  the 
general  structure  and  correlation  of  the  rocks  of  the  Lake  Superior 
region.  Consequently  many  of  the  outcrops  in  Cass,  Todd,  Morri- 
son, Mille  Lacs,  Kanabec,  Aitkin,  Pine,  and  Carlton  counties  have 
been  mapped  in  detail  and  will  be  fully  described  in  the  final  report. 
Brief  descriptions  of  them  are  given  also  in  the  preliminary  report. 
Much  interesting  information  that  has  a  bearing  on  the  geology  of 
the  Cuyuna  range  has  be6n  gained  in  this  work. 

GENERAL  FEATURES  OF  THE  CUYUNA  DISTRICT. 

The  Cuyuna  iron-ore  district  is  near  the  geographic  center  of  Min- 
nesota, about  90  miles  west  of  Duluth  and  55  miles  southwest  of  the 
western  part  of  the  Mesabi  district.    It  extends  in  a  general  north- 
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easterly  direction,  appi;o^|prately  parallel  to  the  Mesabi  district,  and 
has  a  length  of  about.'sS'-miles.  In  width  it  ranges  from  less  than 
a  mile  to  about  lO.miles,  Most  of  the  district  is  in  Crow  Wing 
County,  but  paifti^/^'it  lie  to  the  northeast  in  Aitkin  Coimty  and  to 
the  south west^in'Morrison  County.    (See  PL  I.) 

The  Ho.Wh§iii  Pacific  Railway  branch  line  running  from  Duluth 
westward'^  Staples,  to  connect  with  the  main  line  from  the  Twin 
Cities  %i'  the  Pacific  coast,  passes  practically  through  the  entire 
lel^h'of  the  district,  and  the  main  line  passes  over  the  south- 
.  Vefetern  part,  near  Randall,  between  Little  Falls  and  Staples.  The 
Guyuna  range  branch  of  the  Minneapolis,  St.  Paul  &  Sault  Ste.  Marie 
Railway  connects  the  eastern  and  central  parts  of  the  district  with 
Duluth  and  Superior. 

The  principal  part  of  the  Cuyuna  iron-bearing  belt  lies  southeast 
of  Mississippi  River,  to  which  it  is  approximately  parallel.  In  the 
southwestern  part  of  the  district,  however,  the  river  turns  south- 
ward and  crosses  the  iron-bearing  belt,  which  continues  southwest- 
ward  beyond  it.  In  the  northeastern  part  of  the  district,  near  Aitkin, 
the  iron-bearing  belt  crosses  over  to  the  north  side  of  the  river,  but  it 
recrosses  to  the  south  side  within  a  short  distance  and  continues 
northeastward  to  Rice  River. 

The  Cuyuna  district,  in  contrast  with  some  of  the  other  Lake 
Superior  iron-ore  districts,  does  not  show  any  marked  topographic* 
relief.  It  is  mainly  a  region  of  low,  irregular  morainic  hills  inter- 
spersed with  lakes  and  extensive  swamps  and  marshes.  Outwash 
plains  occupy  parts  of  the  district  and  extend  southward  from  it. 
Much  of  the  district  is  under  cultivation,  especially  in  the  southern 
part,  but  in  many  places  the  soil  is  sandy  and  is  covered  with  a 
thick  second  growth  of  jack  pine,  poplar,  aspen,  and  locally  Norway 
pine.  Much  of  the  rich  land  also  is  still  uncultivated  and  supports 
forests  of  hardwood.  The  marshes  and  swamps  contain  spruce  and 
tamarack. 

The  productive  part  of  the  Cuyuna  district  is  commonly  divided 
into  two  ranges — ^the  north  range,  including  the  part  lying  north  of 
the  Northern  Pacific  Railway,  and  the  south  range,  including  the 
belt  lying  south  of  the  railway.  The  north  range  has  a  length  of 
about  10  miles  and  a  maximum  width  of  5  miles.  This  relativelv 
small  area  includes  most  of  the  productive  mines  of  the  district,  num- 
bering about  18.  The  south  range  is  narrow,  but  it  covers  a  much 
greater  area  than  the  north  range  and  its  extensions  continue  for 
many  miles  to  the  northeast  into  Aitkin  County  and  to  the  southwest 
into  Morrison  Coimty.  One  mine  on  the  south  range  is  a  steady 
producer,  and  four  or  five  others  have  produced  ore  intermittently 
or  are  in  the  development  stage.  The  north  range  is  separated  from 
the  south  range  by  a  belt  from  2  to  3  miles  wide,  underlain  mainly  by 
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schist  and  slate.  No  iron-bearing  rocks  of  economic  importance  hare 
been  found  in  this  belt,  althou^  drilling  has  been  done  in  it  at  a 
number  of  localities. 

The  principal  towns  in  the  Cuyuna  district,  named  in  order  from 
northeast  to  southwest,  are  Aitkin,  Cujruna,  Deerwood,  Crosby,  Iron- 
ton,  Manganese,  Iron  Mountain,  Biverton,  Woodrow,  Brainerd,  and 
Barrows.  All  these  towns  except  Aitkin,  Deerwood,  and  Brainerd 
have  been  built  since  the  discovery  of  iron  ore  in  the  district.  Brain- 
erd, the  largest  town  in  the  district,  was  established  more  than  50 
years  ago  and  was  at  one  time  the  center  of  the  great  Minnesota 
lumber  industry.  It  is  now  surrounded  by  a  farming  community 
and  has  a  population  of  about  8,000.  Aitkin,  the  next  largest  town, 
has  a  population  of  about  2,000.  Both  Aitkin  and  Brainerd  are  on 
Mississippi  Biver. 

The  discovery  of  iron  ore  in  the  Cuyima  district  was  entirely  due 
to  the  existence  of  abnormal  magnetic  attractions  in  the  region.  The 
occurrence  of  magnetic  variations  in  this  district  had  been  known  for 
many  years  and  certain  well-defined  areas  in  which  they  existed  had 
been  located,  but  the  iron-bearing  formation  was  not  definitely  dis- 
covered until  1904.  In  that  year  iron-bearing  rocks  with  some  asso- 
ciated ore  were  encountered  in  drilling  operations  south  of  Deerwood, 
and  in  1905  ore  was  also  found  north  of  Deerwood,  near  Babbit  Lake. 
After  these  discoveries  exploration  and  drilling  were  carried  on  with 
great  vigor  throughout  the  region  in  which  magnetic  variations  were 
known  to  occur,  but  it  was  some  years  before  ore  in  commercial 
quantity  was  found.  The  first  ore  was  shipped  from  the  district 
in  May,  1911,  from  the  Kennedy  mine,  near  Babbit  Lake,  at  the  east 
end  of  the  north  range. 

The  finding  of  iron  ore  in  the  Cuyuna  district  soon  started  specu- 
lation concerning  a  possible  connecting  belt  of  iron-bearing  rock 
between  this  district  and  the  west  end  of  the  Mesabi  district.  Con- 
siderable exploration  work  has  been  done  in  the  region  north  and 
northwest  of  Aitkin  and  southwest  of  Grand  Bapids,  with  the  view 
of  finding  such  a  connecting  belt.  Iron-bearing  rocks  have  been 
found  at  a  number  of  places  and  locally  concentrations  of  ore  occur, 
but  these  occurrences  have  not  yet  been  definitely  shown  to  be  con- 
nected either  with  the  Mesabi  district  or  with  the  Cuyuna  district. 

GENERAL  GEOLOGY  OF  MINNESOTA. 

The  pre-Cambrian  complex  of  the  Lake  Superior  region,  consist- 
ing of  metamorphosed  sedimentary  and  igneous  rocks  of  various 
kinds,  extends  westward  and  southwestward  from  Lake  Superior 
across  Minnesota  and  forms  the  basement  rock  throughout  the  State. 
In  some  places,  as  in  the  northeastern  part  of  the  State  and  locally 
in  the  southwestern  part,  the  metamorphosed  pre-Cambrian  rocks  are 
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overlain  only  by  a  comparatively  thin  mantle  of  glacial  till;  else- 
where they  are  overlain  by  flat-lying  sediments  which  in  turn  are 
covered  by  glacial  till.  Thus  in  the  southeastern  part  of  the  State 
there  are  beds  of  Paleozoic  and  older  sediments  which  are  of  con- 
siderable thickness  and  extent,  and  throughout  most  of  the  western 
part  of  the  State  there  are  thin  but  widespread  beds  of  slightly  con- 
solidated Cretaceous  rocks. 

The  sedimentary  rocks  directly  overlying  the  pre-Cambrian  com- 
plex in  the  southeastern  part  of  Minnesota  consist  of  a  thick  series 
of  red  sandstone  and  shale  with  associated  volcanic  clastic  rocks,^ 
known  as  the  red  clastic  series  and  supposed  to  belong  to  the  red 
sandstone  series  of  the  Keweenawan.  They  are  separated  by  an  un- 
conformity from  the  imderlying  older  metamorphosed  rocks  and 
are  similar  in  lithology  and  stratigraphic  position  to  upper  Keweena- 
wan rocks  that  are  abundantly  exposed  along  the  south  shore  of 
Lake  Superior.^  Their  approximate  maximum  thickness  in  southern 
Minnesota  is  about  2,250  feet.    Fossils  have  not  been  found  in  them. 

The  Paleozoic  rocks,  which  apparently  overlie  the  red  clastic  series 
conformably,  range  in  age  from  Cambrian  to  Devonian  and  consist 
of  interlayered  sandstone,  limestone,  and  shale.  They  are  compara- 
tively thin,  the  entire  series,  where  all  the  formations  are  present, 
having  an  approximate  maximum  thickness  of  less  than  2,000  feet.' 

The  Cretaceous  rocks  that  lie  on  the  pre-Cambrian  complex  through- 
out most  of  the  western  part  of  the  State  belong  to  the  Benton  and 
Dakota  formations.  They  consist  chiefly  of  slightly  consolidated  shale 
and  sandstone,  and  reach  a  total  maximum  thickness  of  about  500 
feet.  Locally  in  the  southwestern  part  of  the  State  they  are  absent 
and  pre-Cambrian  rocks  form  the  bedrock.  Outliers  of  Cretaceous 
rocks  have  been  f  oimd  at  many  places  in  the  eastern  part  of  the  State 
also.  Those  that  occur  in  the  neighborhood  of  the  iron-bearing  areas 
are  usually  highly  ferruginous  and  in  places  consist  of  conglomeratic 
iron  ore. 

The  pre-Cambrian  metamorphosed  and  intrusive  rocks  which  un- 
derlie the  sedimentary  beds  and  glacial  deposits  throughout  the  State 
consist  of  granite  and  gneiss  with  which  are  associated  basic  igneous 
rocks  of  various  types  and  extensive  bodies  of  metamorphosed  sedi- 
ments, such  as  quartzite,  slate,  limestone,  and  many  varieties  of  schist. 

In  northern  Minnesota  metamorphosed  sediments  occur  with  as- 
sociated intrusive  and    extrusive  rocks   in    several   unconformable 

^Hall,  C.  W.,  Melnzer,  O.  E.,  and  Fuller,  M.  L..  Geology  and  underground  waters  of 
southern  Minnesota :  U.  S.  Geol.  Survey  Water-Supply  Paper  266,  pp.  81-49,  1911. 

•  Tbwaites,  E.  T.,  Sandstones  of  the  Wisconsin  coast  of  Lake  Superior :  Wisconsin  Geol. 
and  Nat.  Hist.  Survey  Bull.  25,  1912. 

Van  Hlse,  C.  R.,  and  Lelth,  C.  K..  Geology  of  the  Lake  Superior  region :  U.  S.  Geol. 
Survey  Mon.  52,  pp.  380  et  seq..  1011. 

*  Hall,  C.  W.,  Melnzer,  O.  E.,  and  Fuller,  M.  L.,  op.  cit.,  pp.  87-49. 
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sen^,  ranging  in  age  from  Archean  to  upper  Huronian.  The 
Arckean  rocks  are  mainly  greenstones  and  green  schists  classified 
as  Keewatin,  into  which  are  intruded  masses  of  granite,  syenite,  and 
porphyry  classified  as  Laurentian.  The  greenstones  and  green  schists 
are  probably  in  the  main  altered  basic  volcanic  rocks,  both  massive 
and  fragmental.  Some  of  them,  however,  may  be  of  plutonic 
origin.  They  have  been  metamorphosed  to  such  an  extent  that  at 
present  they  consist  largely  of  secondary  minerals  such  as  chlorite 
and  amphibole,  associated  with  altered  feldspar.  Where  deforma- 
tion has  accompanied  metamorphism  schistosity  is  abundantly  de- 
veloped in  them.  Much  of  the  rock,  however,  remains  in  the  massive 
form.  Locally,  as  in  the  Vermilion  iron-ore  district,  lenses  of  iron- 
1>earing  rock  occur  in  the  greenstone;  in  the  Lake  of  the  Woods 
region  and  elsewhere  slate  and  graywacke  and  locally  thin  beds  of 
limestone  are  interlayered  with  schistose  and  banded  greenstone. 

Intrusive  granite  and  syenite  of  the  Laurentian  are  widely  dis- 
tributed through  northern  Minnesota,  occurring  as  batholiths,  bosses, 
and  dikes  in  the  greenstones  and  related  rocks.  Much  of  the  granite 
and  syenite  has  suffered  metamorphism  and  deformation,  so  that 
gneissoid  structure  is  developed  in  it.  Over  large  areas  in  this 
part  of  the  State  gneisses  are  the.  dominant  rocks. 

The  Huronian  rocks  of  northern  Minnesota  are  of  two  kinds  * — an 
earlier  intensely  metamorphosed  series  of  slate,  graywacke,  and  con- 
glomerate, usually  called  lower-middle  Huronian,  and  an  upper 
series,  the  upper  Huronian  ( Animikie  group) ,  consisting  of  quartzite, 
iron-bearing  rock  and  slate,  which  locally,  as  in  the  Mesabi  district, 
has  suffered  but  little  deformation  but  which  elsewhere,  as  in  the 
Cuyuna  district,,  has  been  considerably  folded.  The  lower-middle 
Huronian  metamorphosed  sediments  are  as  a  rule  infolded  into  the 
older  rocks  and  occur  in  irregular  areas  of  somewhat  local  distribu- 
tion. The  upper  Huronian,  on  the  other  hand,  covers  a  large  part  of 
northeastern  and  east-central  Minnesota  and  is  usually  rather  regu- 
lar in  its  occurrence. 

Extensive  masses  of  granite  of  lower-middle  Huronian  age  are  in- 
truded into  the  lower-middle  Huronian  metamorphosed  sediments 
as  well  as  into  the  older  Archean  rocks.  This  granite  forms  the 
Giants  Range,  north  of  the  Mesabi  iron-ore  district.  It  is  difficult 
to  separate  from  the  older  Laurentian  granite,  being  distinguishable 
only  by  its  intrusive  relation  to  lower-middle  Huronian  rocks. 

Besides  the  Huronian  and  Archean  rocks  there  are  in  northeastern 
and  eastern  Minnesota  several  large  areas  of  Keweenawan  igneous  and 
sedimentary  rocks.  Keweenawan  rocks  consisting  of  intrusive  gabbro 
and  diabase  associated  with  volcanic  rocks  and  some  sediments  extend 
along  the  north  shore  of  Lake  Superior  from  Duluth  northeastward 

1  Van  HiBe,  C.  R.,  and  Leith,  C.  K.,  op.  clt,,  pp.  118-220. 
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their  metamorphism  and  deformation,  and  (3)  younger  rocks  which 
lie  horizontally  on  the  eroded  surfaces  of  the  rocks  of  the  other  two 
classes. 

The  age  of  the  various  rocks  is  not  definitely  known.  Because  of 
their  metamorphosed  and  folded  state,  those  of  the  first  class  have 
usually  been  designated  Huronian,  and  on  account  of  their  general 
relation  to  the  rocks  of  the  Mesabi  district  and  the  occurrence  of 
iron-bearing  rock  in  them,  it  has  generally  been  supposed  that  they 
are  of  the  same  age  as  the  iron-bearing  rocks  of  the  Mesabi  district — 
that  is,  upper  Huronian.* 

In  accordance  with  this  view  all  the  slates,  schists,  and  other  meta- 
morphosed rocks  in  east-central  Minnesota  have  been  grouped  under 
the  term  Virginia  slate,  which  was  originally  applied  to  the  slate 
overlying  the  iron-bearing  Biwabik  formation  in  the  Mesabi  dis- 
trict. This  correlation  seems  reasonable,  to  judge  from  the  present 
knowledge  of  the  structure,  but  as  detailed  knowledge  of  the  region 
increases  it  may  be  found  to  be  erroneous.  It  is  possible  that  the 
metamorphosed  rocks  of  the'  Cuyuna  district  and  the  surrounding 
region  belong  at  either  a  higher  or  a  lower  horizon  than  the  upper 
Huronian  rocks  of  the  Mesabi  district,  or  it  may  be  that  they  com- 
prise rocks  of  several  different  geologic  epochs.  It  is  undoubtedly 
true  that  in  most  areas  of  pre-Cambrian  rocks  in  the  northern  United 
States  and  Canada,  where  detailed  work  has  been  possible,  the 
occurrence  and  distribution  of  the  rocks  have  been  shown  to  be 
very  much  more  complex  than  they  are  at  present  supposed  to  be 
in  east-central  Minnesota. 

Several  attempts  have  recently  been  made  to  revise  the  generally 
accepted  correlation  of  the  pre-Cambrian  rocks  of  the  Lake  Superior 
region  established  by  Van  Hise  and  Leith  and  their  coworkers. 
Although  excellent  detailed  work  has  undoubtedly  been  done  in 
the  last  few  years  and  much  valuable  information  has  been  obtained, 
some  of  which  is  entirely  new,  it  seems  to  the  writers  that  it  is 
premature  to  change  radically  a  correlation  based  on  years  of  care- 
ful field  work.  The  attempted  revision  of  the  correlation  is  largely 
based  on  the  finding  by  Allen  and  Barrett^  of  a  series  of  meta- 
morphosed sediments  unconformably  overlying  the  upper  Huronian 
rocks  in  the  eastern  part  of  the  Gogebic  district  in  northern  Michi- 
gan. This  series  Allen  and  Barrett  propose  to  classify  as  upper 
Huronian,  and  the  existing  upper  Huronian  is  to  be  placed  in  the 
middle  Huronian. 

1  Van  Hlse,  C.  R.,  and  LeIth,  O.  K.,  op.  cit.,  pp.  211  et  seq. 

'Allen,  R.  C,  and  Barrett*  L.  P.,  A  revision  of  the  sequence  and  stnisture  of  the  pre- 
Keweenawan  formations  of  the  eastern  Oogeblc  Iron  range  of  Michlj^an :  Jour.  Geology 
vol.  23,  pp.  689-705,  1015.     Allen,  R.  C,  A  revision  of  the  correlation  of  the  Huronian 
group  of  Michigan  and  the  Lake  Superior  region :  Idem,  pp.  705-724. 
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Using  this  revised  classification  of  the  rocks  of  tlie  Penokee-Grogebic 
district  as  a  basis,  Allen  has  reclassified  the  rocks  in  most  of  the 
other  Lake  Superior  iron-ore  districts  in  a  similar  manner,  with  the 
result  that  practically  all  the  productive  iron-bearing  rocks  of  the 
Lake  Superior  region,  except  those  of  the  Vermilion  district,  are 
placed  in  the  middle  Huronian.  In  the  Mesabi  district  the  Pokegama 
quartzite,  the  iron-bearing  Biwabik  formation,  and  the  Virginia 
slate  have  all  been  reclassified  by  Allen  as  middle  Huronian;  in  the 
Cuyuna  district  also  the  older  metamorphosed,  rocks  have  Been 
placed  in  the  middle  Huronian;  and  the  lower-middle  Huropian 
rocks  of  the  Mesabi  and  Vermilion  districts  have  been  designated 
lower  Huronian. 

There  is  no  additional  evidence  in  Minnesota  for  this  revision 
in  the  correlation  of  the  rocks  of  the  Lake  Superior  region,  the 
entire  reclassification  being  based  on  the  finding  of  the  so-called 
Copps  formation  stratigraphically  above  the  upper  Huronian  in 
the  eastern  part  of  the  Gogebic  district,  supported  by  certain  minor 
evidence  afforded  by  the  lithology  and  distribution  of  the  rocks  in 
some  of  the  other  iron  ranges  of  northern  Michigan.  The  writers 
believe  that  so  important  a  change  in  correlation  over  a  wide  area 
as  Allen  and  Barrett  suggest  should  perhaps  have  a  sounder  basis. 

Detailed  work  of  exceptional  value  on  the  lithology  and  correla- 
tion of  the  iron-bearing  Biwabik  formation  in  the  Mesabi  district 
has  been  done  during  the  last  few  years  by  Wolff.^  He  has  found  at 
certain  horizons  slaty  and  conglomeratic  zones,  some  of  which  have 
a  remarkably  wide  distribution,  running  from  one  end  of  the  district 
to  the  other.  In  general  it  appears  from  his  work  that  the  iron- 
bearing  formation  shows  a  definite  stratigraphic  succession  that  is 
fairly  uniform  throughout  the  district.  Besides  working  on  the  iron- 
bearing  rocks,  Wolff  has  also  made  observations  on  the  contact  of 
the  Biwabik  formation  and  the  overlying  Virginia  slate.  He  finds 
that  a  limestone  layer  several  feet  thick  occurs  along  this  contact 
wherever  it  has  been  observed  and  that  at  a  few  localities  conglomer- 
atic material  is  found  in  the  upper  part  of  this  limestone  layer. 
Taking  the  latter  fact  in  conjunction  with  the  phenomenon  of  the 
variation  in  thickness  of  the  Biwabik  formation  from  place  to  place, 
as  weU  as  the  radical  change  in  the  character  of  the  sedimentation 
from  iron-bearing  sediments  to  argillaceous  clastic  sediments,  Wolff 
suggests  that  there  may  have  been  an  erosion  interval  between  the 
deposition  of  the  Biwabik  formation  and  that  of  the  overlying  Vir- 
ginia slate.  He  hints  that  such  a  time  break  may  be  of  some  signifi- 
cance in  a  revision  of  the  correlation  of  the  rocks  of  the  Lake  Superior 
district  but  wisely  refrains  from  drawing  any  sweeping  conclusions. 

^  Wolff,  J.  F..  Recent  geologic  developments  on  the  Meeabi  iron  range,  Minn. :  Am.  Inst. 
MlQ.  Eng.  Bull.,  December,  1916,  pp.  1763-1787. 
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These  investigations  serve  to  indicate  that  by  no  means  the  last 
word  has  been  said  in  regard  to  the  geology  and  classification  of  the 
rocks  of  the  Lake  Superior  region.  As  detailed  work  continues  to  be 
done  in  the  less  well-known  districts  and  the  stock  of  information 
increases,  doubtless  changes  will  be  made  in  the  correlation  of  dif- 
ferent formations.  For  the  present,  however,  it  seems  best  to  adhere 
to  the  generally  accepted  classification  of  Van  Hise  and  Leith. 

The  old  metamorphosed  rocks  of  the  Cuyuna  district,  grouped 
imder  the  term  Virginia  slate,  are  principally  schists  of  various  kinds 
associated  with  beds  and  lenses  of  the  Deerwood  iron-bearing  mem- 
ber. Locally  quartzite  has  been  found  also,  and  at  one  or  two  places 
limestone  is  reported  to  occur.  The  schists  are  principally  quartzose 
and  argillaceous  sericitic  schists,  probably  of  sedimentary  origin. 
With  these  is  associated  green  chloritic  schist  that  appears  to  be  of 
igneous  origin,  although  the  original  texture  has  almost  entirely  dis- 
appeared. Metamorphosed  igneous  rocks,  in  which  schistosity  is  but 
slightly  developed,  however,  and  in  which  igneous  textures  are  still 
clearly  visible,  have  also  been  foimd  in  drilling  operations  in  differ- 
ent parts  of  the  district. 

The  rocks  of  the  second  class  mentioned  above,  the  igneous  rocks 
that  are  intrusive  into  the  metamorphosed  rocks  and  have  themselves 
not  been  metamorphosed,  are  generally  supposed  to  be  of  Keweena- 
wan  age.  If  the  metamorphosed  rocks  are  of  upper  Huronian  age 
this  is  a  reasonable  assumption.  These  rocks  occur  as  dikes  or  irreg- 
ular intrusive  masses  of  different  sizes  cutting  the  older  rock  and  in 
many  places  causing  further  metamorphism  along  the  contacts.  All 
rocks  of  this  class  so  far  found  in  the  district  are  basic  or  semibasic, 
such  as  diabase  and  diorite,  and  are  usually  medium  fine  grained  or 
porphyritic.  Many  of  them  are  massive  and  fresh  and  have  preserved 
their  igneous  texture  perfectly,  but  others  are  considerably  altered. 
In  general  they  are  somewhat  difficult  to  distinguish  from  the  non- 
schistose  phases  of  the  metamorphosed  igneous  rocks  associated  with 
the  older  schists  and  iron-bearing  formation. 

Outside  of  the  district,  acidic  rocks,  such  as  granite  and  syenite, 
as  well  as  basic  rocks,  are  intrusive  into  the  older  metamorphic  rocks. 
Some  of  the  acidic  intrusives  occurring  south  and  southeast  of  the 
Cuyuna  district,  near  Little  Falls  and  in  the  Mille  Lacs  Lake  region, 
are  associated  with  schists  into  which  they  appear  to  be  intruded. 
These  schists  are  supposed  to  be  of  the  same  age  as  those  of  the  Cuyuna 
district  and  are  intruded  also  by  basic  and  semibasic  rocks  like  those 
in  the  Cujoma  district.  The  acidic  igneous  rock  in  this  region  has 
therefore  all  been  classed  as  Keweenawan  by  Van  Hise  and  Leith, 
although  much  of  it  is  not  associated  with  schist  and  presents  coarse 
gneissoid  phases  that  are  much  more  characteristic  of  the  Archean 
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granite  than  of  the  Eeweenawan  acidic  rocks.  Much  of  this  granite 
and  gneiss  which  is  not  definitely  known  to  be  intruded  into  schist 
may  be  older  than  Keweenawan  and  may  belong  to  the  Laurentian 
or  lower-middle  Huronian  intrusions,  but  the  separation  is  difficult 
to  make. 

The  rocks  of  the  third  class  occur  only  locally  and  in  minor  quan- 
tity. They  are  of  two  types — (1)  horizontal  flows  of  igneous  rocks,* 
probably  of  Keweenawan  age,  which  have  been  found  at  one  or  two 
places  underlying  the  glacial  drift  and  overlying  the  metamorphic 
complex,  and  (2)  isolated  patches  of  ferruginous  conglomerate  and 
other  sediments,  which  have  been  correlated  with  similar  patches  of 
sediments  of  Cretaceous  age  in  the  western  part  of  the  Mesabi  dis- 
trict. The  rocks  of  the  first  type  may  perhaps  be  correlated  with  the 
Keweenawan  trap  rocks  found  in  the  region  of  St.  Croix  Kiver  in 
eastern  Minnesota,  but  no  outcrops  of  them  have  been  found  in  the 
central  part  of  the  State.  Cretaceous  rocks  probably  to  be  assigned 
to  the  second  type  crop  out  along  Mississippi  River  south  of  Little 
Falls  and  elsewhere  in  central  Minnesota.  Most  of  these  rocks  are 
clayey  or  slightly  calcareous,  but  a  few  are  conglomeratic  and  fer- 
ruginous and  resemble  the  rocks  found  in  drilling  operations  locally 
in  the  Cuyuna  district. 

STBUCTXTBS:  OF  THE  BOCKS. 

The  rocks  of  the  Lake  Superior  region  have  been  subjected  to  fold- 
ing at  several  periods  in  their  history.  So  far  as  known,  however, 
the  forces  causing  the  deformation  in  the  different  periods  have  been 
applied  in  approximately  the  same  direction — ^that  is,  from  the  north- 
west and  southeast — so  that  the  results,  as  apparent  in  the  rock  struc- 
ture, are  superimposed  upon  one  another.  The  final  outcome  of  these 
various  deformational  activities  has  been  that  all  the  pre-Cambrian 
rocks  of  the  Lake  Superior  region  have  been  folded  into  a  great 
complex  synclinorium  trending  approximately  northeast. 

The  Keweenawan  rocks  have  suffered  the  least  folding  of  all,  and 
form  a  broad  trough  with  a  gently  dipping  northwest  limb  and  a 
more  steeply  dipping  southeast  limb.  The  older  rocks  have  been 
successively  more  severely  deformed,  the  upper  Huronian  having 
niany  minor  folds  within  the  main  synclinorium  and  the  lower 
middle  Huronian  and  Archean  being  in  places  so  intensely  de- 
formed that  it  is  almost  impossible  to  decipher  their  relation  to  the 
general  structure  of  the  region.  The  general  strike  of  the  rock 
bedding,  cleavage,  and  schistosity  throughout  the  Lake  Superior 
region  varies  between  east  and  northeast.     It  is  this  similarity  of 

^ZapfTe,  Carl,  The  Cuyuna  iron-ore  district  of  Minnesota:  Bralnerd  Trlbane  Suppl., 
Jolj  1,  1010. 
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secondary  structures  in  all  the  rocks  which  most  strongly  points  to 
the  conclusion  that  the  deformational  movements  at  different  periods 
have  varied  but  little  in  direction. 

Conforming  with  the  general  structure  of  the  Lake  Superior 
region,  the  rocks  of  the  Cuyuna  district  are  folded  into  a  complex 
series  of  northeastward-trending  anticlines  and  synclines.*  The  dip 
of  the  limbs  of  the  folds  is  usually  vertical  or  very  steep,  and  may 
be  either  to  the  southeast  or  the  northwest,  though  the  southeasterly 
dip  predominates.  In  many  places  close  folding  has  resulted  in 
producing  an  approximate  parallelism  of  both  limbs  of  a  fold.  This 
is  probably  the  explanation  for  the  great  predominance  of  south- 
easterly dips  in  the  district  in  both  the  north  and  the  south  ranges. 
The  pitch  of  the  folds  is  usually  very  low,  and  may  be  either  to  the 
northeast  or  to  the  southwest.  Pitches  in  one  or  the  other  direction 
usually  predominate  in  different  parts  of  the  district.  Thus  at  the 
southwest  end  of  the  north  range  the  pitch  of  the  folds  is  in  general 
to  the  northeast,  but  along  the  central  part  of  the  north  range  it 
is  to  the  southwest.  In  many  places  the  pitch  is  so  low  that  the 
crests  of  the  anticlines  are  practically  horizontal  for  miles,  as  is  the 
case  locally  in  the  south  range.  Because  of  this  low  pitch  of  the 
folds  the  rock  layers  appear  on  the  erosion  surface  as  approximately 
parallel  northeastward-trending  bands.  In  some  places,  where  the 
pitch  brings  rock  layers  below  the  erosion  surface,  sharp  turns  occur 
and  the  bands  double  back  on  themselvea  Elsewhere  minor  drag 
folds  cause  local  irregularities  in  their  trend. 

On  account  of  the  lack  of  exposures  and  the  insufficient  drilling 
and  underground  development  it  has  not  yet  been  possible  to  work 
out  the  details  of  the  structure.  Drag  folds  and  other  secondary 
structural  features  point  to  the  existence  of  several  major  and  many 
minor  folds  in  both  the  north  range  and  the  south  range.  Ulti- 
mately, by  means  of  these  features,  it  may  be  possible  to  determine 
the  relationship  between  the  rocks  in  different  parts  of  the  district. 
The  apparent  absence  of  any  definite  stratigraphic  succession,  how- 
ever, is  a  serious  drawback  in  working  out  the  geologic  relations. 

The  general  distribution  and  structure  of  the  rocks  in  east-central 
Minnesota  indicate  that  the  Cuyuna  district  is  situated  near  the  axis 
of  the  southwestern  extension  of  the  Lake  Superior  synclinorium. 
The  close  folding  which  exists  in  the  district  would  thus  be  naturally 
accounted  for,  as  well  as  the  very  gentle  folding  and  relatively  slight 
metamorphism  of  the  rocks  along  the  Mesabi  range,  which  are  sup- 
posed to  be  on  the  north  limb  of  the  synclinorium.  The  south  limb 
is  as  yet  unknown.  The  extensive  masses  of  granitic  rock  in  the 
Little  Falls,  St.  Cloud,  and  Mille  Lacs  Lake  regions  may  be  south 

iVan  IliBe.  C.  R.,  and  Leith,  C.  K.,  op.  c!t.,  pp.  620  et  seq.  Zapffe,  Carl,  The  Cuyuna 
iron-ore  district  of  Minnenota  :  Am.  Assoc.  Adv.  Set  Proc.,  December  meeting  1910.  See 
also  Brainerd  Tribune  Suppl.,  July  1,  1910. 
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of  the  synclinorium  or,  as  believed  by  Zapffe,^  they  may  be  iutrusions 
within  it.  It  is  known  that  some  of  these  granites  intrude  meta- 
morphosed sediments,  but  the  age  of  the  sediments  is  not  definitely 
established  and  they  may  be  older  than  upper  Huronian.  If  the 
granite  is  lower-middle  Huronian  or  Laurentian  and  represents  the 
basement  upon  which  the  metamorphosed  sediments  of  the  Cuyuna 
district  rest,  then  the  south  limb  of  the  synclinorium  may  be  ex- 
pected to  run  northeastward  from  Little  Falls  through  the  northern 
part  of  the  Mille  Lacs  Lake  region  toward  Kettle  Iliver.  On  the 
other  hand,  if  the  granite  is  of  later  age  than  the  metamorphosed 
sediments  of  the  Cuyuna  district  the  south  limb  of  the  synclinorium 
may  be  far  to  the  southeast. 

ZJTHOLOGY  OF  THE  BOCKS. 

OLDER   METAMORPHOSED   ROCKS. 

0BV2BAL  OHA&AOTEB. 

The  principal  constituents  of  metamorphosed  rocks  of  the  Cuyuna 
district  are  chloritic,  micaceous,  and  quartzose  schists.  Associated 
with  these  are  extensive  layers  of  iron-bearing  rock  and  locally  lenses 
of  quartzite  and  masses  of  metamorphosed  igneous  rock.  Black 
carbonaceous  slate  also  occurs  in  many  places,  and  limestone  has  been 
encountered  here  and  there.  These  rocks  are  irregularly  interlayered  • 
with  one  another.  They  all  have  a  general  northeasterly  strike  and 
as  a  rule  dip  steeply  to  the  southeast  or  less  commonly  to  the  north- 
west. On  the  horizontal  surface  the  different  rock  layers  appear  as 
discontinuous  bands  of  varying  width,  all  more  or  less  parallel. 

Up  to  the  present  time  it  has  been  impossible  to  work  out  any 
definite  stratigraphic  succession  for  the  metamorphosed  rocks  of  the 
district.  The  only  horizon  markers  of  any  considerable  extent  are 
the  layers  of  iron-bearing  rock.  These,  however,  are  unsatisfactory, 
for  a  number  of  distinct  bands  of  iron-bearing  rock  run  through  dif- 
ferent parts  of  the  district  and  it  is  not  yet  known  whether  they  are 
the  surface  expression  of  a  single  layer  that  has  been  complexly 
folded,  or  whether  several  different  layers  and  lenses  of  iron-bearing 
rock  exist  at  different  stratigraphic  horizons.  The  different  bands  of 
iron-bearing  rock  differ  in  the  character  of  materials  which  they 
contain  and  in  the  nature  of  the  wall  rock  which  bounds  them.  This 
would  indicate  that  they  are  not  portions  of  the  same  layer.  On  the 
other  hand,  a  single  band  of  iron-bearing  rock  may  show  distinct 
and  even  abrupt  changes  in  the  nature  of  its  constituent  materials, 
both  along  and  across  the  strike.     Thus  certain  bands  may  show 

^Zapffe,  Carlp  op.  dt. 
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highly  manganiferous  ore  along  one  side  and  ferruginous  chert  or 
hematite  with  only  a  trace  of  manganese  along  the  other  side.  Other 
bands  may  consist  in  one  locality  almost  entirely  of  red  or  brown 
hematite  and  hematitic  or  limonitic  chert  and  in  another  locality 
largely  of  black  magnetic  ore  and  magnetitic  slate.  It  is  thus  dif- 
ficult to  correlate  the  different  bands  on  the  basis  of  lithology. 

Some  geologists  believe  that  perhaps  the  different  bands  of  iron- 
bearing  rock  in  the  north  range  may  be  referred  to  a  single  layer,  but 
that  the  bands  in  the  south  range  represent  a  different  and  probably 
Iiigher  stratigraphic  horizon.  This  belief  is  based  on  the  fact  that 
the  ore  and  iron-bearing  rock  in  the  two  ranges  present  rather  dis- 
tinct lithologic  differences.  The  ore  of  the  south  range  is  usually 
black  or  yellow  and  is  associated  largely  with  slaty  argillaceous  rock, 
much  of  which  is  magnetitic.  Ferruginous  chert  does  not  occur  as  abun- 
dantly as  on  the  north  range,  and  manganese  oxide  is  present  in  small 
amounts  only  in  a  few  places.  The  ores  of  the  north  range,  on  the 
other  hand,  are  usually  brown,  red,  or  blue  and  are  abundantly  asso- 
ciated with  ferruginous  chert  and  only  locally  with  magnetitic  slate. 
In  places  they  contain  much  manganese  oxide,  which  may  be  present 
in  distinct  bodies  or  may  be  disseminated  through  the  iron  ore.  In 
view  of  the  facts,  however,  that  much  of  the  iron-bearing  rock  of  the 
north  range  is  associated  with  slaty  magnetitic  rocks  and  that  the 
manganese  oxide  is  only  local  in  its  occurrence  and  apparently  in- 
creases in  amount  toward  the  north,  it  does  not  seem  that  the  litho- 
logic differences  noted  between  the  iron-bearing  rocks  of  the  north 
range  and  south  range  are  sufficient  to  justify  their  assignment  to 
separate  horizons. 

What  is  true  of  the  layers  of  iron-bearing  rock  as  horizon  markers 
is  also  true  of  the  associated  rocks,  and  as  these  in  general  are  much 
less  continuous  and  less  uniform  they  are  of  but  little  value  in  this 
respect.  The  chloritic  schist,  which  is  perhaps  the  most  characteristic 
of  these  associated  rocks,  occurs  in  lenses  which,  although  of  con- 
siderable width,  are  rarely  very  long.  Such  lenses  occur  at  several 
horizons,  commonly  being  interlayered  within  the  iron-bearing  for- 
mation itself. 

Carbonaceous  slate  is  frequently  used  as  a  local  horizon  marker, 
as  it  has  often  been  found  to  occur  along  the  boundary  of  the  iron- 
bearing  beds.  However,  single  layers  are  rarely  continuous  for  long 
distances  along  the  strike.  On  the  south  range  black  carbonaceous 
slate  is  much  more  characteristic  than  on  the  north  range,  being  so 
commonly  associated  with  the  ore  bodies  that  its  presence  is  con- 
sidered a  good  indication  for  ore. 

It  might  be  supposed  that  quartzite  would  form  a  definite  strati- 
graphic  unit  in  this  district,  as  it  does  in  most  of  the  other  Lake 
Superior    iron-ore    districts.      However,    in    the    Cuyuna    district 
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quartzite  lenses  and  layers  have  been  encountered  only  in  a  few 
places  and  it  has  not  yet  been  possible  to  determine  any  relationship 
between  the  scattered  occurrences^ 

It  is  possible  that,  as  exploration  work  progresses  and  individual 
beds  of  different  rocks  are  traced  along  the  strike,  some  orderly  ar- 
rangement of  layers  may  be  found  to  exist.  For  the  present,  however, 
any  attempted  correlation  is  bound  to  be  largely  speculative. 

ntOH-BEASIHO  FORXATXOH  AKD  IROH  ORE. 

The  iron-bearing  formation  of  the  Cuyuna  district  presents  a 
variety  of  lithologic  types.  Among  the  more  common  rocks  compos- 
ing it  are  hematitic  and  limonitic  chert  and  slate,  cherty  and  slaty 
iron  carbonute,  siliceous  magnetitic  slate,  amphibole-magnetite  rock, 
jaspilite,  dark-blue,  red,  brown,  black,  and  yellow  iron  ore,  black, 
red,  and  brown  manganiferous  iron  ore,  green  chloritic  schist,  and 
dark-red  hematitic  schist. 

Limonitic  and  hematitic  chert  are  very  abundant  in  the  north 
range,  where  they  compose  the  principal  part  of  the  iron-bearing 
formation.  They  usually  consist  of  interlaminated  white,  pink,  or 
gray  chert  and  hematite  or  limonite,  the  chert  and  iron  oxide  occur- 
ring in  alternate  layers.  The  hematite  and  limonite  may  be  fairly 
pure  or  very  siliceous.  In  many  places  the  iron  oxide  present  is 
rather  of  the  nature  of  a  stain  or  an  impregnation.  .Thus  there  are 
all  gradations  of  ferruginous  chert  from  siliceous  iron  ore  to  chert 
containing  only  a  small  percentage  of  iron  oxide.  Much  of  the 
ferruginous  chert,  instead  of  being  banded,  presents  a  blotchy  ap- 
pearance, due  to  the  irregular  distribution  of  chert  and  iron  oxide 
or  to  the  irregular  staining  of  the  chert  by  the  iron  oxide.  The  more 
siliceous  iron-stained  chert  usually  shows  a  more  irregular  distribu- 
tion of  chert  and  iron  oxide.  In  many  places  ferruginous  chert  shows 
an  even  brown  or  red  color  throughout,  the  entire  mass  of  chert  being 
impregnated  with  iron  oxide. 

The  chert  laminae  in  ferruginous  chert  are  typically  fine  grained, 
dense,  and  flinty,  but  locally  they  have  suffered  partial  disintegra- 
tion and  present  a  fine  sugary  appearance.  When  completely  dis- 
integrated they  break  up  into  fine  sand,  giving  rise  to  what  is  known 
as  wash  ore.  Wash  ore  is  soft  ferruginous  chert  from  which  the 
disintegrated  chert  can  be  removed  by  washing  while  the  iron  oxide 
remains  behind  and  becomes  concentrated. 

The  ferruginous  chert  occurring  in  the  Cuyuna  district  is  very  simi- 
lar to  that  found  in  most  of  the  other  Lake  Superior  iron-ore  dis- 
tricts except  the  Mesabi.  In  all  the  Michigan  and  Wisconsin  districts 
the  common  rock  of  the  iron-bearing  formation  is  a  more  or  less 
regularly  banded  ferruginous  chert  believed  by  Van  Hise  and  Leith  * 

»  Van  mse,  C.  R.,  and  Lelth,  C.  K.,  op.  clt,.  pp.  499-601. 


10  CONTBIBUTIONS  TO  ECONOMIC  GEOLOGY,  1017,  PART  I. 

to  have  been  derived  by  alteration  from  an  original  cherty  iron-car- 
bonate rock.  In  the  Mesabi  district,  however,  the  ferruginous  chert 
is  largely  of  the  type  known  as  taconite,  a  rather  massive-bedded 
cherty  rock  irregularly  speckled  with  iron  oxide  which  is  supposed 
to  have  resulted  from  the  oxidation  of  the  ferrous  silicate  rock 
greenalite.  No  taconite  or  greenalite  has  been  found  in  the  Cuyuna 
district.  It  is  therefore  generally  supposed  that  here,  as  in  most  of 
the  other  Lake  Superior  iron-ore  districts,  the  original  rock  from 
which  the  present  hematitic  and  limonitic  chert  and  iron  ore  have  in 
large  part  been  formed  is  a  banded  cherty  iron  carbonate  rock. 

An  alternative  to  the  belief  of  the  older  geologists  that  most  of  the 
iron-bearing  rock  of  the  Lake  Superior  region  was  originally  deposited 
as  ferrous  carbonate  or  silicate  is  the  view  that  much  of  the  iron  was  de- 
posited in  the  ferric  form  originally.  This  view  supposes  the  iron  to 
have  been  deposited  largely  as  hydrated  ferric  oxide  with  colloidal 
silica  and  locally  with  clay.  In  places,  perhaps,  thin  beds  of  more  or 
less  pure  ferric  oxide  were  formed.  After  the  deposition  the  presence 
of  carbonaceous  matter  here  and  there  probably  caused  a  partial  de- 
oxidation  of  the  ferric  oxide  and  resulted  in  the  formation  of  local 
masses  of  ferrous  rock  such  as  iron  carbonate  or  iron  silicate.  Upon 
metamorphism  these  materials  were  consolidated  and  in  part  dehy- 
drated, forming  ferruginous  chert  and  slate  with  local  lenses  of  ore 
and  some  bodies  of  ferrous  rock.  After  the  metamorphism  had  taken 
place  the  rocks  were  subjected  to  weathering  and  erosion,  which  re- 
sulted in  the  formation  of  additional  iron  ore  by  the  leaching  of  silica 
from  the  ferruginous  chert,  as  well  as  in  the  oxidation  of  much  of 
tMe  ferrous  rock  originally  present.  The  main  difference  between  this 
view  and  the  older  one  is  in  the  amount  of  iron  originally  deposited 
as  ferric  oxide,  the  older  view  being  that  very  little  iron  was  de- 
posited in  the  ferric  form,  the  deposition  of  practically  the  entire 
formation  occurring  under  reducing  conditions.  Thus,  according  to 
the  older  view,  the  present  ferruginous  chert,  ferruginous  slate,  and 
ore  have  resulted  almost  entirely  from  the  weathering  and  leaching 
by  meteoric  waters  of  original  rocks  containing  ferrous  carbonate  or 
ferrous  silicate. 

The  evidence  afforded  by  the  Cuyuna  district  on  this  question  is 
largely  in  favor  of  the  older  view.  In  the  exploratory  drill  work 
cherty  iron  carbonate  and  associated  rocks  were  encountered  below 
a  surface  capping  of  ferruginous  chert  and  iron  ore  in  many  parts 
of  the  district,  and  in  some  of  the  more  recent  mining  operations 
such  rocks  have  been  encountered  in  the  lower  levels  in  direct  con- 
tinuity along  the  bedding  with  the  ore,  ferruginous  chert,  and  fer- 
ruginous slate  of  the  upper  levels.  In  general  the  gradation  from 
ore  at  the  surface  through  lean  ferruginous  chert  into  ferrous 
'xjk  below  is  perhaps  more  typically  illustrated  in  parts  of  the 
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Cujruna  district  than  in  any  of  the  other  Lake  Superior  iron-ore 
districts. 

The  cherty  iron  carbonate  of  the  Cuyuna  district,  however,  differs 
from  the  typical  cherty  iron  carbonate  rock  of  the  other  districts. 
A  number  of  different  varieties  occur,  some  cherty,  some  slaty,  and 
others  highly  magnetitic.  Most  of  them  contain  varying  amounts 
of  chert,  siderite,  and  amphibole.  With  these  may  be  associated 
argillaceous  material,  and  some  varieties  contain  an  abundance  of 
magnetite  which  is  either  disseminated  through  or  interlaminated 
with  the  other  constituents.  The  cherty  iron  carbonate  generally 
shows  distinct  banding  and  in  places  fine  lamination,  the  latter  being 
especially  characteristic  of  the  slaty  varieties,  but  certain  massive 
argillaceous  varieties  occur  also. 

Hematitic  and  limonitic  slates  are  not  as  abundant  in  the  district 
as  ferruginous  chert  but  occur  locally  as  beds  and  lenses  interlayered 
with  ferruginous  chert  or  iron  ore.  They  are  usually  reddish, 
brownish,  or  yellowish,  and  present  a  thinly  laminated  appearance. 
Red  hematitic  slate  is  by  far  the  most  abundant.  It  is  dark  red,  soft, 
and  in  general  finely  and  regularly  laminated.  Siliceous  slates  that 
show  gradation  into  ferruginous  chert  occur  also.  These  are  thinly 
laminated  but  are  hard  and  in  places  contain  thin  chert  layers.  The 
ferruginous  slates  represent  stages  in  the  deposition  of  the  iron- 
bearing  formation  when  fine,  argillaceous*  sediment  rather  than  silica 
was  being  deposited  with  the  iron.  They  are  generally  not  slates 
in  the  proper  sense  of  the  word,  as  they  rarely  show  slaty  cleavage, 
but  are  rather  indurated  ferruginous  shales  or  ferruginous  argillites. 
They  are  not  as  abundant  in  the  Cuyuna  district  as  in  some  of  the 
other  iron-ore  districts,  especially  the  Mesabi. 

The  ferruginous  slates  differ  from  the  hematitic  schist  described 
on  page  23  in  that  they  are  of  sedimentary  origin,  having  been  de- 
posited with  the  ferruginous  cherts  and  suffered  the  same  altera- 
tions. The  hematitic  schist,  on  the  other  hand,  results  from  the 
alteration  and  impregnation  with  iron  oxide  of  the  green  chloritic 
schist,  a  rock  of  probable  igneous  origin,  which  is  commonly  asso- 
ciated with  the  iron-bearing  formation. 

Cherty  and  slaty  or,  more  properly,  argillaceous  iron  carbonate 
rocks,  as  already  mentioned,  are  believed  to  be  the  original  rocks 
from  which  the  iron-bearing  formation  of  the  Cuyuna  range  in  its 
various  phases  is  largely  derived.  Such  rocks  have  been  reported 
from  many  parts  of  the  district,  having  been  found  in  the  deep 
drilling.  They  are  of  several  different  types,  with  gradational 
phases  between.  They  vary  in  composition  and  texture  and  range 
from  light  to  dark  green  or  gray  in  color.  Usually  they  consist  of 
chert  or  argillaceous  material  interlayered  or  intermixed  with  am- 
phibole and  iron  carbonate.    Magnetite  is  a  common  constituent,  and 
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with  increasing  magnetite  and  recrystallization  of  the  other  con- 
stituents these  rocks  grade  into  amphibole-magnetite  rock  and  mag- 
netitic  slate. 

The  banding  of  the  cherty  and  argillaceous  iron  carbonate  rocks  is 
largely  due  to  interlayering  of  different  constituents.  The  laminae 
of  chert  and  siderite  are  usually  light  gray  or  greenish ;  those  of  argil- 
laceous material  and  amphibole  are  darker  and  with  increasing 
magnetite  become  almost  black.  Some  varieties  of  the  iron  carbonate 
rock  are  light  gray  and  consist  almost  entirely  of  chert  and  siderite, 
which  may  be  intermixed  or  may  be  more  or  less  segregated  into 
layers,  producing  banding.  Grains  of  magnetite  occur  along  lamina- 
tion planes,  making  the  banding  more  marked.  Other  kinds  of  iron 
carbonate  rock  contain  considerable  amphibole  and  show  interband- 
ing  of  light-gray  and  somewhat  darker  green  layers.  Still  others  are 
very  dark  gray  or  green  and  consist  mainly  of  amphibole  and  argilla- 
ceous material  mixed  with  more  or  less  siderite  but  containing  little 
or  no  chert.  Such  rocks  are  usually  very  fine  grained  and  show  no 
marked  banding.  All  these  varieties  of  iron  carbonate  rock  occur 
interbedded  and  grade  into  one  another. 

The  siliceous  magnetitic  slate  and  amphibole-magnetite  rock  are 
portions  of  the  original  iron-bearing  formation  that  have  suffered 
metamorphic  alteration  and  recrystallization.  They  are  banded  or 
laminated  rocks,  usually  very  dark  colored  with  a  tinge  of  green,  and 
consist  mainly  of  amphibole  with  magnetite  and  some  chert  or  quartz. 
The  fine-grained,  finely  laminated  kinds  are  known  aS  magnetitic 
slate  and  probably  contain  considerable  argillaceous  material;  the 
coarser  grained  and  coarsely  layered  kinds  are  known  as  amphibole- 
magnetite  rock.  Like  ferruginous  slate,  magnetitic  slate  rarely,  if 
ever,  shows  slaty  cleavage  and  might,  perhaps,  be  more  properly  des- 
ignated magnetitic  argillite.  The  banding  is  due  to  the  segregation 
of  the  different  minerals  into  layers  and  also  to  a  difference  in  the 
coarseness  of  crystallization.  Thus  layers  of  fairly  pure  magnetite 
alternate  with  layers  of  amphibole  or  of  quartz  and  amphibole.  Some 
bands  are  very  fine  grained,  especially  those  consisting  mainh'^  of 
magnetite;  other  bands,  as  those  of  amphibole,  may  be  medium 
coarse  grained.  The  segregation  of  minerals  in  the  amphibole-mag- 
netite rocks  and  magnetitic  slates  is  nowhere  perfect.  Small  amounts 
of  magnetite  are  usually  disseminated  through  the  quartz  and  amphi- 
bole layers,  and  quartz  and  amphibole  are  intermixed  with  magnetite 
along  the  borders  of  magnetite  bands. 

There  is  considerable  diversity  in  the  composition  of  these  rocks. 
In  some  places  they  consist  largely  of  magnetite  and  amphibole,  in 
others  they  contain  a  considerable  amount  of  silica,  either  as  chert  or 
quartz,  with  amphibole,  but  with  little  magnetite.  There  is  also 
some  irregularity  in  the  texture,  such  as  the  thickening  or  pincliing 
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out  of  laminae.  Such  irregularities,  however,  are  much  less  marked 
than  they  are  in  the  ferruginous  cherts. 

The  amphibole-magnetite  rocks  and  magnetitic  slate  of  the  Cuyuna 
district  differ  from  the  typical  amphibole-magnetite  rock  of  other 
Lake  Superior  iron-ore  districts,  such  as  the  Mesabi,  Gogebic,  and 
Marquette,  in  that  they  are  finer  grained,  more  perfectly  laminated, 
and  in  general  contain  less  quartz  and  more  ferromagnesian  minerals. 
The  typical  amphrbole-magnetite  rock  of  the  Cuyuna  district  consists 
of  alternating  fine  bands  of  magnetite  and  amphibole.  That  occur- 
ring in  the  eastern  part  of  the  Mesabi  district,  on  the  other  hand, 
consists  of  irregular  layers  of  fine-grained  magnetite  and  coarse- 
grained quartz  and  amphibole.  In  the  Cuyuna  district  quartzose 
and  cherty  varieties  of  the  amphibole-magnetite  rock  and  magnetitic 
slate  are  also  common  and  are  characteristic,  more  especially,  of  the 
less  highly  magnetitic  rock. 

Jaspilite  is  of  rather  rare  occurrence  in  the  Cuyuna  district,  but 
well-defined  beds  of  it  are  found  in  several  of  the  mines.  Thus  at  the 
Cuyuna  Mille  Lacs  mine  both  the  hard  red  banded  jasper  and  the 
specular  schistose  jasper  occur  in  the  southern  part  of  the  main  ore 
body,  where  they  are  interlayered  between  typical  banded  hematitic 
chert  on  one  side  and  lean  manganif erous  iron  ore  on  the  other  side. 

Jaspilite  is  metamorphosed  and  recrystallized  ferruginous  chert. 
Where  the  metamorphism  has  not  been  very  intense  a  hard  dense 
bright-red  i-ock  is  formed.  This  is  the  more  common  variety,  the 
crystalline,  specular  form  that  results  from  pronounced  recrystal- 
lization  being  of  local  occurrence.  In  places  in  the  Cuyima  district 
there  is  a  very  hard  siliceous  ferruginous  chert  to  which  the  term 
jasper  is  sometimes  applied.  This  rock,  however,  varies  in  color 
from  brown  or  reddish  brown  to  black  and  is  simply  a  hard,  dense 
form  of  the  ferruginous  chert. 

The  iron  ores  of  the  Cuyuna  district  are  inclosed  in  other  iron- 
bearing  rocks.  The  ore  bodies  are  as  a  rule  roughly  tabular  in  shape, 
with  the  longer  axes  parallel  to  the  bedding  of  the  inclosing  rocks. 
As  the  beds  of  rock  generally  dip  steeply,  the  ore  bodies  are  shown 
at  the  surface  as  bands  that  extend  for  considerable  distances  along 
the  strike  of  the  beds.  They  range  in  width  to  several  hundred  feet 
and  are  usually  very  long,  some  of  the  known  ore  bodies  being  more 
than  a  mile  in  length.  Some  of  them  are  comparatively  shallow, 
extending  perhaps  to  a  depth  of  200  or  300  f^et,  where  they  give 
way  to  ferruginous  chert,  amphibole-magnetite  rock,  or  unaltered  iron- 
bearing  rock.  Others  extend  to  greater  depths,  either  continuing 
indirectly  downward  along  the  bedding  or  running  diagonally  down- 
ward parallel  to  the  strike  in  the  form  of  shoots.  The  data  regard- 
ing the  depths  reached  by  the  ore  bodies  are  still  very  incomplete. 
The  deepest  mining  operations  at  present  extend  to  a  depth  of  about 
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280  feet  below  the  bedrock  surface,  and  to  this  depth  ore  is  known  to 
continue  uninterruptedly.  The  exploratory  drill  work  in  the  district 
has  for  the  most  part  been  shallow,  few  holes  reaching  a  depth  greater 
than  700  feet.  Ore  has  been  encountered  in  some  of  the  deeper  holes, 
however,  and  it  is  believed  that  certain  ore  bodies  may  reach  a  con- 
siderable depth. 

The  ore  bodies  are  usually  inclosed  between  walls  of  ferruginous 
chert  or  ferruginous  slate.    Where  chert  is  the  wall  rock  the  contact 
is  usually  much  more  irregular  than  where  slate  forms  the  wall  rock. 
Numerous  beds  .and  irregular  horses  of  ferruginous  slate  and  chert 
occur  in  the  ore  bodies.    Green  chloritic  schist  and  dark-red  hema- 
titic  schist  are  also  common  associates  of  the  iron  ore.    They  may 
form  the  wall  rock  of  the  ore  bodies  or  they  may  be  interlayered  with 
the  ore,  more  or  less  parallel  to  the  bedding.    Other  rocks  associated 
with  the  ore  bodies  are  amphibole-magnetite  rock,  magnetitic  slate, 
cherty  and  slaty  iron  carbonate  rocks,  and  black  carbonaceous  slate. 
These  are  very  common  along  the  south  range,  where  they  form  the 
wall  rocks  of  the  ore  bodies  in  many  places.    In  the  north  range  the 
amphibole-magnetite  rock  and  iron  carbonate  rock  more  commonly 
occur  underneath  ore  bodies,  representing  the  deeper,  unaltered  por- 
tions of  the  iron-bearing  formation. 

Most  of  the  iron  ore  occurring  in  the  ore  bodies  of  the-  Cuyuna  dis- 
trict is  medium  soft,  but  hard  ore  is  also  abundant  and  is  more  or 
less  irregularly  associated  with  the  soft  ore.    The  Cuyuna  ore  prob- 
ably shows  a  greater  variety  of  texture,  composition,  and  color  than 
the  ore  from  any  of  the  other  Lake  Superior  iron-ore  districts.    It 
shows  all  stages  of  hydration  from  pure  reddish-blue  hematite  to 
ocherous  yellow  limonite,  and  both  argillaceous  and  siliceous  phases 
are  common.    On  the  north  range  the  ores  vary  from  dark  reddish- 
blue  high-grade  hematite  to  reddish  and  yellowish  brown  siliceous  or 
argillaceous  hematite  and  limonite,  and  siliceous  and  argillaceous 
manganiferous  iron  ore  is  of  common  occurrence.    Locally  wash  ore 
is  associated  with  the  other  ores.    On  the  south  range  the  typical  ores 
are  reddish-brown  hydrous  hematite,  dark-brown  to  black  limonite, 
and  yellow  ocherous  limonite. 

The  richest  ore  that  has  been  found  in  the  district  is  a  medium-soft 
reddish-blue  hematite,  which  occurs  at  the  Croft  mine  and  locally  in 
the  Armour,  Ironton,  and  Pennington  mines  in  the  north  range. 
Much  of  this  ore  is  of  Bessemer  quality,  picked  samples  from  the 
Croft  mine  analyzing  as  high  as  67  to  68  per  cent  metallic  iron  and 
as  low  as  0.01  to  0.03  per  cent  phosphorus.    Ore  of  this  grade  is  of 
course  exceptional,  but  a  large  part  of  the  Croft  ore  body  consists 
of  ore  of  Bessemer  quality  and  will  be  mined  as  such.    In  the  other 
mines  no  attempt  is  made  to  mine  the  Bessemer  ore  separately.     The 
common  ore  in  the  north  range  is  a  medium-soft  to  hard  brown  to 
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reddish  or  bluish-brown  hydrated  hematite  and  limonite.  Much  of 
this  ore  is  siliceous  and  grades  with  increasing  silica  into  ferruginous 
chert  and  wash  ore.  Much  of  it  also  is  somewhat  argillaceous.  Ore 
of  this  type  is  shown  in  the  Kennedy,  Thompson,  Armour,  Penning- 
ton, and  Kowe  mines.  It  is  usually  found  in  somewhat  irregular, 
lenticular  bodies  inclosed  in  or  associated  with  hematitic  and  limonitic 
chert  and  slate.  In  places  ferruginous  chert  is  interbedded  with  the 
ore  or  occurs  in  the  ore  bodies  as  irregular  masses.  The  character 
of  the  ore  varies  somewhat  with  the  nature  of  the  inclosing  rock. 
\Vhere  the  wall  rock  is  mainly  hematitic  slate,  as  in  certain  deposits 
in  the  southwestern  and  central  parts  of  the  north  range,  the  ore  is 
soft,  dark  red  or  bluish  red,  and  usually  somewhat  argillaceous.  On 
the  other  hand,  ore  that  is  inclosed  in  ferruginous  chert  is  medium 
hard,  somewhat  siliceous,  and  generally  much  fractured,  so  that  it 
breaks  up  into  small  blocks.  Ore  of  this  class  usually  ranges  in  con- 
tent of  metallic  iron  from  58  or  60  per  cent  downward,  its  grade 
depending  on  the  amount  of  silica  or  alumina  present.  The  phos- 
phorus ranges  from  0.1  to  0.4  or  0.5  per  cent. 

Another  variety  of  ore  found  in  the  north  range  is  finely  laminated 
brownie-yellow  limonite  such  as  occurs  in  the  Mahnomen  open  pit. 
Ore  of  this  type,  though  usually  relatively  low  in  silica,  is  more 
hydrated  than  the  other  ores  of  tiie  north  range*  The  yellow  ocher- 
ous  limonite  ore  also  is  common  along  th«  south  range,  where  its 
occurrence  is  similar  to  that  of  the  black  limonite  ore.  Usually  it  is 
soft  and  friable.  Though  in  a  few  places  argillaceous,  as  a  rule  it 
is  fairly  pure  and  carries  as  much  as  56  or  57  per  cent  of  metallic 
iron,  which  is  nearly  the  theoretical  limit  for  limonite. 

The  so-called  "  wash  ore  "  of  the  Cuyuna  district  has  attracted  con- 
siderable attention,  and  two  washing  plants  have  been  erected  to 
treat  it.  This  ore  is  simply  disintegrated  ferruginous  chert  in  which 
the  chert  is  in  the  form  of  extremely  fine  sand  and  can  readily  be 
washed  out,  leaving  the  particles  of  iron  oxide  behind.  The  metallic 
iron  content  of  the  ore  may  be  increased  in  this  maimer  by  8  to  12 
percCTit 

The  soft  black  limonite  ore  is  common  on  the  south  range  but  is 
rarely  found  on  the  north  range.  It  is  generally  associated  with 
amphibole-magnetite  rock  and  magnetitic  slate,  just  as  the  typical 
ores  of  the  north  range  are  associated  with  ferruginous  chert  and 
slate.  As  a  rule  it  is  slightly  magnetic,  owing  to  jthe  presence  of 
disseminated  particles  of  magnetite.  This  magnetite,  which  occurs 
also  in  other  south-range  ores,  is  presumably  similar  in  origin  to  the 
magnetite  in  the  associated  amphibole-magnetite  rock  and  magnetitic 
slate.  It  is  probably  residual  from  original  magnetite-bearing  rock 
^hich  has  in  large  part  been  altered  to  ore. 
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Manganese  ore  and  manganiferous  iron  ore  are  common  in  the 
north  range,  especially  in  the  northern  part.  All  gradations  occur 
from  an  almost  pure  manganese  ore  with  only  a  few  per  cent  of  iron 
to  iron  ore  with  only  a  fraction  of  1  per  cent  of  manganese.  The 
distribution  of  the  ores  of  different  grades  is  very  irregular.  Nodules 
and  small  bodies  of  high-grade  manganese  ore  usually  occur  scattered 
through  low-grade  manganiferous  iron  ore  or  manganiferous  iron- 
bearing  rock,  and  the  latter  are  themselves  irregularly  interbedded 
with  other  portions  of  the  iron-bearing  formation  or  with  schist. 
A  number  of  manganese  minerals  occur  in  these  deposits,  chief 
among  which  are  manganite,  pyrolusite,  psilomelane,  and  wad.  Any 
of  these  minerals  may  compose  the  nodules  or  bodies  of  manganese 
ore,  and  in  places  two  or  more  of  them  are  associated  in  a  single 
body. 

The  manganiferous  iron  ore  is  usually  black  or  dark  brown,  and 
much  of  it  has  a  yellowish  or  reddish  tinge.  The  content  of  man- 
ganese commonly  ranges  from  1  or  2  to  30  or  35  per  cent.  The  ore 
usually  occurs  in  large  bodies,  the  manganese  content  of  which  varies 
greatly  from  place  to  place.  Generally  a  decrease  in  the  percentage 
of  metallic  manganese  is  accompanied  by  an  increase  in  the  percent- 
age of  iron,  the  combined  percentage  of  iron  and  manganese  being 
fairly  constant.  As  the  iron  and  manganese  decrease  silica  and  alu- 
mina increase,  and  the  material  becomes  manganiferous  iron-bearing 
rock.  Manganiferous  iron  ore  may  be  soft  or  hard.  Some  forms 
are  dense  and  massive;  others  are  friable.  It  is  difficult  to  tell  which 
of  the  manganese  minerals  is  associated  with  the  hematite  or  limonite 
in  the  manganiferous  iron  ore.  Probably  all  the  manganese  oxides 
are  present  in  different  phases  of  the  ore,  but  manganite  appears  to 
predominate  in  the  hard  ore  and  wad  and  pyrolusite  in  the  soft  ore. 

The  manganiferous  iron-bearing  rock  in  which  manganese  ore  and 
manganiferous  iron  ore  occur  in  small  and  large  bodies  is  argil- 
laceous or  siliceous.  Some  varieties  of  it  are  very  low  in  manganese, 
being  simply  ferruginous  chert,  ferruginous  slate,  or  their  decom- 
posed equivalents;  other  varieties  are  irregularly  impregnated  with 
small  quantities  of  manganese  oxide  throughout.  In  the  rocks  of 
both  these  groups  the  richer  bodies  of  manganese  and  manganiferous 
iron  ore  are  scattered  irregularly. 

The  general  distribution  of  manganiferous  material  in  the  iron- 
bearing  belts  of  the  Cuyuna  district  is  also  somewhat  irregular.  As 
a  rule  the  more  northerly  belts  are  richer  in  manganese.  In  the 
south  range  exploration  work  thus  far  has  shown  the  presence  of 
very  little  manganiferous  material.  Some  beds  of  the  ore-bearing: 
formation,  as  those  on  which  the  Armour  No.  1,  Armour  No.  2,  and 
Thompson  mines  are  situated,  have  manganiferous  iron-bearing  rock 
on  the  footwall;  other  beds,  such  as  that  on  which  the  Mahnomen 
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open  pit  is  situated,  contain  manganiferous  material  along  the  hang- 
ing wall.  In  still  other  localities  manganiferous  iron-bearing  rock 
and  ore  may  be  interbedded  with  nonmanganiferous  iron-bearing 
n>ck.  Thus  there  are  all  variations  in  the  occurrence  of  the  man- 
ganiferous material. 

The  green  and  gray  chloritic  schist  and  the  dark-red  hematitic  schist 
do  not  belong  to  the  iron-bearing  formation  proper  but  are  rather 
rocks  that  have  become  associated  with  it.  They  usually  occur  as  small 
lenses  within  the  layers  of  the  iron-bearing  formation  or  they  may 
bound  such  layers  on  each  side.  The  dark-red  hematitic  schist  usu- 
ally occurs  along  the  borders  of  such  lenses,  where  they  are  in  con- 
tact with  iron-bearing  rock  or  iron  ore  and  have  become  impregnated 
with  hematite  for  varying  distances  from  the  contact ;  the  green  or 
gray  chloritic  schist  occurs  in  the  center  of  such  lenses  or  forms 
entire  layers  where  they  are  not  in  contact  with  iron-bearing  rock. 

It  is  believed  that  the  chloritic  schist  represents  original  masses  of 
basic  igneous  rock  that  were  intruded  as  sills  into  the  iron-bearing 
fonnation  and  associated  sedimentary  rocks  while  these  were  still 
largely  in  an  unmetamorphosed  condition.  Some  of  it  may  be  of 
volcanic  origin,  having  been  formed  as  local,  irregular  flows.  Subse- 
({uent  metamorphism  and  deformation  affected  igneous  rocks  and 
sediments  alike. 

SCHIST,  SLATE,  aUABTZITE,  AKD  lOlTSOUS  BOOKS. 

The  beds  of  iron-bearing  rock,  practically  throughout  the  Cuyuna 
district,  are  inclosed  between  layers  of  schist  or  slate.  Generally  the 
schist  or  slate  on  one  side  of  the  iron-bearing  rock  is  identical  with 
that  on  the  other  side.  Locally,  however,  the  rocks  forming  the  two 
walls  present  marked  differences,  but  such  differences  are  rarely  con- 
stant over  large  areas. 

A  number  of  distinct  varieties  of  schist  and  slate  are  found  in  the 
Cuyuna  district,  among  which  are  white,  light-greenish,  or  light- 
brownish  quartzose  sericitic  schist  or  slate;  gray,  finely  micaceous 
schist  or  phyllite;  dark-green  or  gray  chloritic  schist,  conunonly 
micaceous  and  locally  quartzose,  as  already  described ;  dark-red  hema- 
tite schist  or  slate,  which  may  be  derived  from  any  of  the  varieties 
aljove  mentioned  by  impregnation  with  hematite ;  and  black  carbona- 
ceous slate,  generally  containing  more  or  less  pyrite. 

The  distribution  of  these  various  schists  and  slates  is  irregular,  but 
some  are  more  abundant  in  one  locality  and  others  elsewhere.  Thus 
quartzose  sericitic  schist  is  especially  abundant  in  the  region  lying 
gouth  of  the  north  range,  chloritic  schist  is  very  common  in  associa- 
tion with  the  iron-bearing  belts  running  from  Riverton  northeast- 
ward to  Crosby  and  Cuyuna,  and  black  carbonaceous  slate  is  con- 
^picuous  locally  in  the  northeastern  part  of  the  south  range. 
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Although  most  of  the  slate  and  schist  of  the  Cuyuna  district  are  i 
undoubtedly  of  sedimentary  origin,  there  are  certain  kinds,  as  the 
green  chloritic  schist,  which  in  their  occurrence  and  relation  to  the 
associated  rocks  strongly  suggest  an  igneous  origin.  Much  of  the 
chloritic  schist  occurs  in  comparatively  short,  thick  lenses  which  are 
interlayered  with  other  rocks  without  any  apparent  order  or  regular- 
ity, although  they  practically  always  run  parallel  to  the  bedding  of 
the  inclosing  rocks.  The  chloritic  schist  rarely  shows  lamination  or  i 
other  sedimentary  characteristics,  and  its  contact  with  the  associated 
rocks  is  sharp.  Its  chemical  and  mineral  composition  has  not  yet 
been  studied  in  sufficient  detail  to  allow  its  definite  classification,  but 
indications  point  toward  an  igneous  origin  for  much  of  it. 

Most  of  the  light-colored  quartzose  sericitic  schist  or  slate  is  very 
siliceous,  and  some  of  it  might  be  termed  schistose  sericitic  quartzite. 
The  gray  phyllite,  on  the  other  hand,  is  usually  very  fine  grained  and 
silky  in  texture  and  rarely  contains  much  quartz. 

Quartzite  has  been  reported  as  occurring  in  several  parts  of  the 
district,  notably  in  the  northeastern  portion  of  the  south  range  and 
near  the  southwest  end  of  the  north  range.    In  the  latter  locality  beds 
of  typical  fine-grained  vitreous  quartzite  have  been  encountered  in 
drilling  operations  along  a  belt  more  than  a  mile  in  length,  beyond 
which  it  seems  to  disappear  in  the  schist  areas.    Locally  iron-bearing 
rock  and  black  slate  are  associated  with  it,  but  in  general  chloritic 
and  micaceous  schists  occur  on  both  sides  of  the  quartzite  belt.     In 
the  northeastern  part  of  the  south  range  quartzite  has  also  been  found 
by  drilling  in  a  number  of  localities,  especially  in  the  neighborhood 
of  Cedar  Lake.    At  Dam  Lake,  about  10  or  12  miles  east  of  the  Cedar 
Lake  region,  quartzite  crops  out,  and  there  may  be  some  connection 
between  the  rocks  of  the  two  regions. 

Igneous  rocks  in  which  the  original  constituents  have  been  largely 
altered  and  which  have  suffered  considerable  deformation  .locally 
have  been  encountered  in  drilling  operations  in  different  parts  of 
the  district.  Most  of  them  seem  to  have  been  originally  of  a  semi- 
basic  character  and  now  consist  mainly  of  chlorite.  Some  still 
show  the  original  igneous  textures;  others  have  been  rendered. 
schistose  and  grade  into  chloritic  schist.  Gradations  have  been 
found  between  the  schistose  and  nonschistose  varieties. 

These  rocks  are  believed  to  be  of  approximately  the  same  age 
as  the  associated  metamorphosed  sediments,  namely,  upper  Hu- 
ronian.  The  less  schistose  varieties  are  usually  medium  to  fine 
grained.  In  comparatively  fresh  samples  they  are  difficult  to  dis- 
tinguish from  the  later  igneous  intrusive  rocks,  which  are  believed 
to  be  of  Keweenawan  age.  Of  the  many  bodies  of  igneous  roclc 
found  in  the  district  very  few  can  be  definitely  classified  with  tlxc 
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earlier  or  the  later  group.  The  relations  can  be  determined  only 
by  a  careful  study  of  the  shape  of  the  igneous  rock  masses,  of  the 
degree  of  metamorphism  which  they  have  suffered,  and  of  their 
relation  to  the  inclosing  rocks. 

The  form  of  the  masses  of  igneous  rock  associated  with  the  meta- 
morphosed sediments  has  rarely  been  determined  by  the  drilling, 
although  a  few  of  the  masses  have  been  found  to  be  irregu- 
larly interlayered  with  rocks  of  sedimentary  origin.  Probably  many 
of  them  represent  intrusions,  but  some  have  textures  that  resemble 
those  of  extrusive  igneous  rocks.  In  general,  however,  the  alter- 
ation has  progressed  to  such  an  extent  that  the  original  character 
is  not  ascertainable. 

LATER  INTRUSIVE  ROCKS. 

Liater  intrusive  rocks  which  are  believed  to  be  of  Keweenawan  age 
and  which  have  themselves  suffered  little  or  no  deformation  or  dy- 
namic metamorphism  are  known  to  occur  in  many  parts  of  the  dis- 
trict. They  are  practically  all  basic  or  semibasic  and  are  of  the  type 
usually  classed  as  greenstones,  including  diorite,  diabase,  gabbro,  and 
perhaps  more  basic  varieties.  Most  of  them  are  fine-grained  dark- 
green  rocks  of  granular  or  ophitic  texture,  such  as  occur  at  the  Bar- 
rows mine.  At  one  or  two  localities,  as  at  the  Adams  mine,  a  por- 
phyritic  variety  has  been  encountered.  Many  of  these  intrusive  rocks 
have  been  altered  so  that  at  present  they  consist  mainly  of  chlorite 
and  decomposed  feldspar. 

The  shape  of  most  of  the  intrusive  bodies  is  not  known,  as  drilling 
has  been  conducted  so  as  to  avoid  them  rather  than  to  outline  them.^ 
Some  are  known  to  be  in  the  form  of  dikes;  others  are  irregular. 

The  metamorphic  effect  of  the  intrusion  along  their  contact  with 
the  older  rocks  is  in  most  places  clearly  noticeable.  Where  the  igneous 
rocks  have  been  intruded  into  the  original  iron-bearing  formation 
they  have  usually  produced  a  recrystallization  of  the  chert  into 
quartz  and  of  lime,  magnesia,  and  other  constituents  into  amphibole. 
The  iron  oxide  is  in  many  places  altered  to  magnetite.  Thus  typical 
magnetitic  slate  and  amphibole-magnetite  rock  have  been  developed 
under  the  action  of  intrusions.  Whether  or  not  most  of  these  varieties 
of  rock  in  the  district  have  been  produced  in  this  manner  or  whether 
they  were  more  generally  formed  during  the  deformation  is  not 
known.  Doubtless  the  intrusions  were  effective  wherever  they  oc- 
curred, but  from  present  indications  they  do  not  appear  to  have  been 
sufficiently  widespread  to  account  for  much  of  the  metamorphism. 

>Zapffe,  Carl»  The  Cuyuna  Iron-ore  district  of  Minnesota:  Bralnerd  Tribune  Suppl., 
July  1,  1911. 
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LATER  VOLCANIC  AKD   SEDIMENTARY  ROCKB, 

Volcanic  rocks  that  lie  on  the  eroded  surface  of  the  older  rocks 
are  reported  by  Van  Hise  and  Leith  ^  to  occur  at  several  localities  a 
short  distance  south  and  southwest  of  Brainerd  and  also  about  6 
miles  east  of  Brainerd.  They  are  said  to  be  acidic  and  to  have 
amygdaloidal  texture.  The  beds  are  as  much  as  25  feet  in  thickness 
and  seem  to  occupy  depressions  in  the  underlying  rock  surface.' 
These  volcanic  rocks  are  believed  to  be  of  Keweenawan  age. 

Isolated  patches  of  sediments  lying  in  horizontal  beds  on  the 
eroded  surface  of  the  iron-bearing  formation,  schist,  and  associated 
rocks  have  been  encountered  in  drilling  and  mining  operations  at  a 
number  of  localities  in  the  Cuyuna  district.  These  rocks  are  be- 
lieved to  be  of  Cretaceous  age,  because  of  their  similarity  to  isolated 
patches  of  Cretaceous  rocks  in  the  Mesabi  district.  Cretaceous  rock 
that  bears  a  similar  relation  to  the  underlying  metamorphosed  rock^ 
also  crops  out  at  several  points  southwest  of  the  district.  In  the 
Cuyuna  district  proper  this  rock  is  a  ferruginous  conglomerate,  con- 
sisting of  small  pebbles  of  iron-bearing  and  other  rocks  in  a  slaty 
matrix.'  Outside  of  the  district  the  Cretaceous  beds  consist  mainly 
of  sandy  and  calcareous  clay. 

^Van  Hlse,  C.  R.,  and  Lelth,  C.  K.,  op.  dt,  p.  21B. 
■Zapffe,  Carl,  op.  dt 


NOTES  ON  THE  GREENSAND  DEPOSITS  OF  THE  EASTERN 

UNITED  STATES. 


By  George  H.  Ashley. 


INTROBUCTION. 

The  United  States  has  recently  experienced  a  serious  shortage 
of  potash  as  a  result  of  the  shutting  off  of  foreign  supplies,  and  this 
has  led  to  a  vigorous  search  for  new  sources  of  supply  in  this  country 
and  for  possible  methods  of  utilizing  mineral  deposits  containing 
potash.  Prominent  among  these  efforts  have  been  the  search  for 
deposits  of  potash  salts  or  potash-containing  waters;  attempts  to 
utilize  the  potash  of  certain  plants,  such  as  the  kelp  of  the  Pacific 
coast  and  the  sagebrush  of  the  arid  plains;  experiments  in  obtaining 
potash  from  the  feldspar  and  other  minerals  contained  in  rocks;  and 
the  search  for  material  having  a  sufficiently  high  content  of  potash 
to  warrant  its  commercial  exploitation. 

Potash  is  exceedingly  abundant  in  the  earth^s  crust,  but  usually 
forms  only  a  small  percentage  of  the  rock  containing  it.  Most  gran- 
ites, for  example,^  contain  4  to  8  per  cent  of  potash,  and  a  few  of 
the  nephelite  and  leucite  rocks  contain  over  9  per  cent  of  potash. 
Many  of  the  rhyolites,  porphyries,  trachytes,  syenites,  monzonites, 
and  basalts  contain  more  than  5  per  cent  of  potash.  Some  minerals, 
such  as  sylvite  (52.4  potassium)  and  niter  (46.5  potash),  contain 
more  than  20  per  cent,  theoretically^  of  potash  or  of  potassium,  but 
these  minerals  are  relatively  rare  in  this  country  and  have  not  yet 
been  found  in  quantities  large  enough  to  be  of  commercial  interest. 
A  few  other  minerals,  such  as  leucite,  alunite,  orthoclase,  muscovite, 
biotite,  and  lepidolite,  contain  4  to  16  per  cent  of  potash,  averaging 
about  8  per  cent  These  are  the  minerals  for  which  special  search 
has  been  made.  At  least  one  large  deposit  of  leucite-bearing  rock 
averaging  about  10  per  cent  of  potash  is  known  in  Wyoming,  and  a 
claim  has  been  filed  on  it.  Small  but  workable  deposits  of  alunite, 
carrying  7  to  11  per  cent  of  potash,  have  been  found  in  Utah  and 
adjoining  States.  Small  deposits  of  sericite  (muscovite)  schist, 
carrying  5  to  8  per  cent  of  potash,  are  known  in  Greorgia  and  the 

>  Clarke,  F.  W.,  The  data  of  geochemistry,  8d  ed. :  U.  8.  G«ol.  Surrey  BuU.  616,  pp. 
438  et  seq..  1916. 
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porary,  and  that  what  is  immediately  desired  is  rather  information 
as  to  the  best  and  most  available  deposits  for  possible  utilization 
than  a  comprehensive  report  that  would  be  of  value  in  the  develop- 
ment of  the  industry. 

After  a  brief  review  of  the  available  information  concerning  the 
greensand  deposits  of  the  eastern  United  States,  either  published  or 
unpublished,  a  number  of  the  most  promising  deposits  were  selected 
for  study.  When  the  selection  had  been  made  Mr.  Phalen  visited 
areas  in  New  Jersey,  and  the  writer  visited  areas  in  Delaware,  Mary- 
land, Virginia,  North  Carolina,  Tennessee,  and  Arkansas. 

In  general,  the  results  show  that  the  best  and  most  available  de- 
posits are  in  New  Jersey  and  Delaware,  samples  from  which  yielded 
from  3.50  to  7.15  per  cent  of  potash,  the  highest  percentages 
coming  from  deposits  in  New  Jersey.  The  samples  from  Maryland 
yielded  4.45  per  cent  or  less;  the  samples  from  Virginia,  which  con- 
tained much  lime,  yielded  2  to  2.50  per  cent;  those  from  North 
Carolina  2.96  or  less,  and  those  from  Arkansas  4.90  per  cent  or 
less.  No  glauconite  sand  was  found  in  Tennessee  in  the  area  from 
which  it  had  been  reported  by  Troost.*  Since  the  above  was  written 
it  has  been  learned  that  a  little  greensand  containing  not  over  3  per 
cent  of  potash  has  been  found  by  Mr.  Bruce  Wade  in  McNairy 
County,  Tenn.,  at  the  foot  of  a  hill  west  of  Adamsville. 

The  deposits  at  these  localities  are  ample  to  supply  any  immediate 
need.  Most  of  those  in  New  Jersey  and  Delaware  are  20  feet  or  more 
thick  and  in  many  places  the  thickness  of  the  overburden  is  less  than 
that  of  the  bed.  The  practical  question  therefore  is  whether  these 
greensands  can  be  used  commercially. 

COMPOSITION   OP  GREENSANB. 

The  term  greensand  as  here  used  is  applied  to  an  unconsolidated 
sandy  deposit  containing  glauconite.  Under  the  magnifying  glass 
the  best  greensand  appears  to  be  composed  entirely  of  grains  of  glau- 
conite, less  than  1  per  cent  being  grains  of  quartz  sand.  More  com- 
monly it  includes  a  larger  proportion  of  quartz  sand,  amounting  to 
one-half  or  more  of  the  whole.  Sand  that  is  composed  mainly  of 
grains  of  glauconite  is  dark  green  to  light  green  and  becomes  darker 
or  almost  black  when  wet.  If  the  proportion  of  quartz  sand  is 
large  the  sand  has  a  characteristic  "pepper  and  salt"  appearance, 
with  only  a  greenish  tinge,  and  may  grade  into  ordinary  yellow  or 
white  sand  as  the  proportion  of  glauconite  decreases.  In  fresh  glau- 
conite the  grains  are  light  green  but  a  little  weathering  generally 
produces  a  dark  coating  on  them,  making  them  almost  black.    Such 


>Tro<Mt,  Gerard,  Seventh  report- of  the  geological  sun'ey  of  Tennessee,  p.  30,  1844. 
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grains,  however,  appear  green  when  broken.  The  grains  of  glau- 
conite  are  fairly  soft  and  can  readily  be  broken  by  the  finger  nail. 
The  size  of  the  grains  differs  in  different  deposits.  In  some  deposits 
more  than  85  per  cent  of  the  glauconite  will  go  through  a  100-mesh 
sieve ;  in  others  one-half  or  more  is  caught  on  a  60  or  80  mesh  sieve. 
In  general  the  grains  range  from  one- fortieth  to  one  one-hundredth 
of  an  inch  in  diameter  or  less.  In  some  samples  the  grains  of  sand 
ar^  about  as  large  as  the  grains  of  glauconite ;  in  others  the  two  dif- 
fer greatly  in  size.    The  following  table  shows  these  differences: 

Results  of  sifting  two  samples  of  greensand  from  Maryland. 


[Orains  counted  on  cra8»«ection  paper.] 

Hesh  of  screen. 

1 

2 

Quartt. 

Olaaoonite. 

Quarts. 

QIauoonite. 

On  10 

0 
0 
400 
360 
381 
262 

0 
0 
346 
402 
627 
677 

0 

22 

070 

224 

44 

8 

0 

On  30 

10 

On  60 

437 

On  80 

325 

On  100 

358 

Throuidi  100 

235 

1.  Sample  36,  Marlboro.  Md. 

2.  Sample 20,  Bevem  River,  Md. 

Other  deposits  show  an  even  more  striking  difference,  which  is 
illustrated  by  a  comparison  of  greensand  from  Aquia  Creek,  Va., 
with  that  from  Birmingham,  N.  J. 

Results  of  sifting  two  samples  of  greensand  from  Virginia  and  New  Jersey. 

[Percentages.] 


Mesh  of  screen. 


On  30 
On  60 
On  80 
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Creek,  Va. 


0 
2 
3 


Birming- 
ham, N.J. 


6 

90 

3 


Mesh  of  screen. 


On  100 

Through  100. 


Aquia 
Creek,  Va. 


10 

85 


Birming- 
ham, N.  J. 


2 
0 


Many  deposits  of  greensand  contain,  in  addition  to  the  glauconite 
and  quartz,  more  or  less  calcite,  commonly  in  the  form  of  shells  or 
fragments  of  shells  or  as  cement  derived  from  shells,  and  a  little  clay 
or  other  fine  material,  and  some  deposits  contain  a  little  iron  phos- 
phate. Microscopic  study  would  probably  reveal  particles  of  unde- 
cayed  feldspar  and  other  minerals,  for  a  good  hand  lens  shows  that  a 
few  samples  contain  a  small  amount  of  very  fine  feldspathic  material. 
The  greensand  in  many  southern  deposits  contains  an  appreciable 
amount  of  mica.  Glauconite  is  a  silicate  of  iron  and  potassium.  The 
following  analyses  of  glauconite,  given  by  Dana,^  show  its  general 
composition : 


1  System  of  mineralogy,  6th  ed.,  p.  468,  1892. 
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Analyses  of  glauconite. 
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.Mltl.,p.4fl,1677. 


'  At  a  few  places  the  sand  is  so  fine  grained  as  to  have  the  appear- 
ance of  a  green  or  black  clay.  One  such  deposit,  from  Silver  Run, 
Del.,  appeared  on  analysis  to  contain  almost  as  much  potash  as  pure 
glauconite. 

The  following  table  gives  the  results  of  a  number  of  tests  made  by 
G.  R  Coot'  In  these  tests  the  clay  was  removed  by  stirring  in  water 
tnd  decanting.  Afterward  the  washed  sand  was  dried,  the  quartz 
sifted  out  or  picked  out  by  hand,  and  the  two  parts  weighed. 


Results  of  slftino  and  washing  New  Jersey  greemands. 

L««Bti. 

IM. 

Ci«y,.U. 

QUBTtt. 

La<nr>«lbwl. 

18.4 

Is 

82.0 
Si!  2 

K 

89.0 

33.0 

a3.fi 

ss 

36.0 

li 

38.0 
21.8 

28.8 
33.8 

.    MIddl*  auri  bwl. 

DwnaurtM. 

40.8 

>  Cook,  a.  B.,  OcoloET  o: 
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In  connection  with  a  study  of  the  greensands  of  New  Jersey, 
Mr.  Cook  made  a  chemical  study  of  the  green  grains  from  a  nimi- 
ber  of  beds,  the  glauconite  having  been  carefully  picked  out  by  hand : 

Analyses  of  glauconite  grains  in  New  Jersey  greensandsJ^ 


1 

2 

3 

4 

6 

6 

7 

flflira 

38.50 
4.26 

20.96 
6.40 
1.06 
2.13 
8.19 
.38 
1.15 
6.02 
3.80 
7.70 

42.80 
3.72 

17.42 
6.02 
2.01 
2.04 
7.99 
.34 
1.40 
4.07 
8.91 
6.99 

45.85 
2.98 

17.11 
7.88 
1.21 
2.51 
8.06 
.27 
1.72 
3.26 
4.85 
4.30 

47.10 
3.71 

16.80 
5.72 
1.97 
2.88 
7.01 
.72 
1.02 

M,76 

54.16 
4.10 

45.51 
3.84 

19.02 
7.96 
3.84 
2.46 
6.74 
1.12 
•  xM 

.56 

7.38 

.85 

50.01 

3.84 

19.00 

7.36 

.31 

2.86 

7.37 

.43 

.62 

.00 

7.74 

.40 

41.72 

FeiToaa  oxide 

8.02 

Fenio  oxide 

14.96 

Alnmtna ...     

5.92 

Ljme .... 

8.02 

Magnesia 

2.93 

PottiAh 

6.06 

Sulphuric  acid 

1.00 

Phosphoric  acid 

7.35 

Water  at  100*  C 

1.38 

Water  above  100*  C 

6.30 

Quarts 

.90 

100.55 

98.68 

100.11 

99.97 

100.29 

98.96 

99.63 

a  Cook,  O.  H.,  Geology  of  New  Jersey,  pp.  280-281, 1868:  Analyses  1-4  by  J.  C.  Smock;  analyses  5-7  by 
Julius  Koch. 
h  Includes  carbon  dioxide. 

1.  "Clay  marl/'  Matawan,  Monmoath  County. 

a.  "Lower  marl  bed."  Marlboro,  Momnouth  County. 

3.  "  Middle  marl  bed/'  Blackwood,  Camden  County. 

4.  "Upper  marl  bed,"  Squankum,  Monmouth  County. 

5.  "Lower  marl  bed,"  Cream  Ridge,  Monmouth  County. 

6.  "Middle  marl  bed,"  White  Horse,  Camden  County. 

7.  "Upper  marl  bed,"  Squankum,  Monmouth  County. 

As  the  analyses  showed  some  quartz,  lime,  and  phosphoric  and 
sulphuric  acids,  which  Mr.  Cook  believed  formed  no  part  of  the 
glauconite,  the  analyses  were  recomputed  so  as  to  exclude  those 
substances,  as  follows: 

Recalculated  analyses  of  glauconite  grains  in  New  Jersey  greensands.^ 
[Numbers  assigned  to  columns  correspond  to  those  in  preceding  taUe.] 


1 

2 

3 

4 

5 

6 

7 

Silica 

42.64 
4.71 

23.22 
7.09 
2.36 
9.07 
6.66 
4.21 

48.63 
4.23 

19.80 
6.84 
2.32 
9.08 
4.62 
4.43 

49.15 
3.21 

18.48 
8.51 
2.79 
8.73 
3.52 
6.22 

51.11 
4.03 

18.23 
6.21 
3.14 
7.60 
5.16 
4.50 

48.97 
4.13 

20.46 
8.56 
2.64 
7.26 

}    7.94 

50.93 
3.90 

19.35 
7.60 
2.91 
7.50 

7.88 

51.63 

Ferrous  oxide 

3.73 

Ferric  oxide 

18.47 

Al^mi'ift .  .  . 

7.32 

MaK^fff  fa 

3.62 

^  i*  .     .................. .................... 

Pobtsh 

7.49 

Water  at  100*  C 

Water  above  100*  C 

7.81 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.  OO 

a  Cook,  0.  H.,  Geology  of  New  Jersey,  p.  281, 1868.    Analyses  1-4  by  J.  C.  Smock;  analyses  5-7  by  Julius 
Koch. 

From  all  these  analyses  the  author  has  derived  the  following  table 
showing  approximately  the  composition  of  glauconite: 


OBEENSAND  DEPOSITS  OF  EASTEBN   UNITED  STATES.  33 

Approximate  oompoaition  of  glauconUe. 

Silica 50 

Ferroiis  oxide ^ i 4 

Ferric  oxide 19 

Alumina 7. 5 

Magnesia 3 

Potash 7.5 

Water 8.  5 

Soda  and  lime .5 


100.0 


Soughly,  glauconite  consists  of  one-half  silica,  one-fourth  iron 
oxides,  one-tenth  aluminum  and  magnesium  oxides,  one-sixth  potash, 
water,  and  other  substances,  the  potash  forming  about  1  part  in  13. 

If  this  analysis  shows  the  maximum  percentage  of  potash  in 
glauconite,  it  is  obvious  that  greensand,  even  if  it  is  entirely  glau- 
conite, can  hardly  run  over  7  or  8  per  cent  potash.  As  already  men- 
tioned, the  best  greensands  of  New  Jersey  appear  to  be  almost  en- 
tirely glauconite  and  on  analysis  yield  6.40  to  7.15  per  cent  of  potash. 
In  order  to  test  the  matter  further  the  writer  made  an  electromag- 
netic separation  of  the  glauconite  grains  from  sample  36,  repeating 
the  process  twelve  times  in  order  to  procure  glauconite  grains  that 
should  be  as  nearly  pure  as  possible.  This  material,  on  analysis, 
gave  7-05  per  cent  of  potash.  If,  therefore,  a  greensand,  on  examina- 
tion under  a  hand  lens,  appears  to  be  one-half  quartz  it  probably  con- 
tains no  more  than  3.5  to  4  per  cent  of  potash.  In  the  particular 
sample  used  in  the  experiment  just  cited,  however,  though  the  sample 
appeared  to  be  fully  one-half  quartz,  the  analysis  of  the  sample  as  a 
whole  gave  4.48  per  cent  of  potash.  The  unexpectedly  large  per- 
centage of  potash  in  this  sample  indicates  that  too  much  reliance 
must  not  be  placed  on  a  sight  test,  even  though  it  is  based  on  rela- 
tions so  obvious  as  those  described. 

ORIGIN   AND  NATURE  OP   GREENSAND. 

The  origin  of  greensand  is  still  somewhat  in  doubt,  but  there  is 
good  reason  for  believing  that  it  is  a  product  of  the  alteration  of  clay 
or  feldspar,  particularly  clay.  The  steps  assumed  by  Murray  and 
Irvine  ^  are,  first,  the  formation  of  iron  sulphide  in  sea  water  in  the 
presence  of  decomposing  vegetable  matter  and,  second,  the  replace- 
ment of  the  aluminum  of  the  clay  by  this  iron,  resulting  in  a  com- 
pound that  combines  with  the  potash  in  sea  water  to  form  glauconite, 

'CoUet,  L.  W.,  1>s  depots  marlns,  p.  1Q9»  Paris,  1908.  See  aliio  Murray,  John*  and 
Irrine,  Robert,  On  the  chemical  changes  which  take  place  In  the  composition  of  the  sea 
water  associated  with  blue  muds  on  the  floor  of  the  ocean.  Roy.  Soc.  Edinburgh  Trans., 
Tol.  27,  pt.  8.  1808. 
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the  potash  in  the  sea  water  having  been  derived  from  potash  feld- 
spars, mica,  and  other  potash-bearing  minerals  that  are  brought  into 
the  sea.  Some  water  also  enters  into  the  glauoonite  molecule.  Ac- 
cording to  Murray  and  Renard,^  the  sulphates  in  sea  water  act  on  the 
iron  in  mud  or  clay  in  the  presence  of  organic  matter,  producing  iron 
sulphide,  which  later  oxidizes  to  the  hydroxide.  At  the  same  time 
the  alumina  is  removed  from  the  clay  by  solution,  and  colloidal  silica 
is  liberated,  which  reacts  upon  the  ferric  hydroxide  in  the  presence  of 
^potassium  salts  extracted  from  the  adjacent  minerals,  the  reaction 
forming  glauconite. 

As  a  consequence  of  variations  in  the  conditions  under  which  glau- 
conite is  formed  the  process  of  formation  does  not  appear  to  be  very 
uniform  or  to  produce  a  single  definite  compound,  for  the  alumina 
may  not  be  completely  removed  and  the  potassium  may  be  in  part 
replaced  by  other  bases.  If  the  glauconite  were  pure  and  had  the 
formula  suggested  by  Dana,  Fe'^KSi^O.+SHjO,  it  should  contain 
13  per  cent  of  potash.  As  a  matter  of  fact,  the  analyses  quoted  in- 
dicate that  some  of  the  potassium  is  always  replaced  by  other  bases. 

The  most  common  type  of  glauconite  consists  of  minute  botryoidal 
pellets  whose  forms  are  due,  apparently,  to  the  fact  that  the  clay  from 
which  they  were  derived  occupied  cavities  in  minute  shells.  The 
pellets  in  another  type  are  round  and  smooth,  as  if  they  had  been 
derived  by  erosion  and  redeposition  from  a  deposit  of  the  first  type. 
A  third  type,  which  includes  glauconite  stains  and  the  grains  that  fill 
crevices  and  cavities,  may  be  due  in  part  to  the  alteration  of  grains 
of  feldspar. 

Glauconite  is  found  in  deposits  on  the  sea  bottom  at  depths  rang- 
ing from  about  300  feet  to  2  miles. 

Recently  formed  glauconite  is  well  described  and  illustrated  in  the 
report  of  the  Challenger  expedition. '  Some  of  the  deposits  found  by 
that  expedition  were  almost  pure  glauconite.  Most  of  the  deposite 
found,  however,  contained  from  40  to  50  per  cent  of  foraminiferous 
and  other  calcitic  shells.  The  grains  of  recent  glauconite  rarely  if 
ever  exceed  1  millimeter  in  diameter,  and  are  typically  rounded  or 
mammillated,  hard,  and  black  or  dark  green.  The  surface  of  some  of 
the  grains  is  dull,  that  of  others  is  shiny.  Many  of  the  grains  have 
vaguely  the  form  and  appearance  of  Foraminifera  and  other  organ- 
isms. Mixed  with  these  typical  grains  are  many  pale-green  particles 
that  have  the  distinct  impress  of  calcareous  shells,  many  being  obvi- 
ously internal  casts. 

^Murray,  J.,  and  Renard,  A.  F.,  Challenger  Bept.,  Deep-sea  deposits,  p.  889,  1891. 
'Idem,  pp.  878  et  seq. 
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To  those  who  are  interested  in  the  origin  and  nature  of  the  glauco- 
nite  in  greensand  a  recent  paper  by  M.  I.  Goldman  *  will  be  of  inter- 
est Beference  should  also  be  made  to  Clarke's  ^^Data  of  geo- 
chemistry," *  which  cites  other  works,  and  to  the  earlier  papers  of 
Collet »  and  Thoulet.  * 

METHOD   OF   SAMPLING. 

In  obtaining  the  samples  of  greensand  the  endeavor  was  made  to  see 
that  they  represented  the  average  material  at  the  places  where  they 
were  taken.  The  samples  from  New  Jersey,  obtained  by  Mr.  Phalen, 
were  taken  with  a  soil  auger  that  reached  a  depth  of  12  feet  Most  of 
the  samples  were  taken  in  old  pits.  The  auger  was  started  at  the  top 
of  the  deposit  and  driven  at  an  angle  so  as  to  cut  downward  through 
the  deposit  and,  at  the  same  time,  to  reach  as  far  as  possible  from 
the  exposed  face.  The  material  brought  out  by  the  auger  formed  the 
sample. 

The  samples  taken  by  the  writer  were  cut  from  the  .deposits  with 
an  army  adz  such  as  is  used  in  digging  trenches.  In  the  steepest 
and  freshest  face  of  a  deposit  (mostly  in  stream  or  road  cuttings) 
a  vertical  trench  6  to  10  inches  wide  was  dug  to  a  depth  of  3  feet  or 
less  and  to  a  length  that  depended  on  the  thickness  of  the  deposit  or 
on  the  thickness  of  the  part  of  the  deposit  that  appeared  to  be  of  uni- 
form quality.  Where  dilfferent  parts  of  the  deposit  appeared  to  be  of 
different  grades,  two  or  more  cuttings  were  made,  so  as  to  procure 
separate  samples  for  analyses.  Then  a  cut  was  made  3  inches  wide 
and  1  to  2  inches  deep  for  the  whole  length  of  the  trench,  and  the 
material  cut  off  was  caught  on  oilcloth,  mixed,  and  quartered  down 
to  make  about  a  1-pound  sample,  in  about  the  same  way  that  a  sam- 
ple of  coal  is  taken.  By  making  a  series  of  cuts  it  was  hoped  to 
detect  any  enrichment  that  might  have  occurred  and  to  obtain  gen- 
eral information  that  might  be  of  value  in  a  study  of  these  deposits. 
David  White  has  suggested  that  the  leaching  of  a  deposit  at  the  sur- 
face might  enrich  parts  of  it  that  lay  at  a  lower  level.  At  one  or  two 
places  the  top  of  a  deposit  seemed  to  be  slightly  richer  than  the  lower 
part  At  other  places  the  proportion  of  glauconite  manifestly  in- 
creased from  above  downward.    On  the  whole,  the  evidence  and  the 

^Goldman,  M.  I.,  The  petrography  and  genesis  of  the  sediments  of  the  Upper  Cre- 
taceoim  of  Maryland :  Maryland  Oeol.  Surrey,  Upper  Cretaceous,  pp.  111-182,  1916. 

*  Clarke,  F.  W.,  The  data  of  geochemistry,  Sd  ed. :  U.  S.  Geol.  Survey  Bull.  616,  pp. 
516  et  seq.,  1916w 

■Collet,  L.  W.,  Les  d4pdts  marins,  pp.  132-194,  308-306,  Paris.  1908. 

^Thoulet,  M.  J.,  fitude  bathylithologique  des  eOtes  du  golfe  du  Lion:  Inst  oc^no- 
Craphlque  Annales,  voL  4,  No.  6,  pp.  62  et  seq.,  Paris,  1912. 
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analyses  do  not  indicate  such  enrichment.  A  few  samples  were  taken 
to  study  the  effect  of  weathering,  either  by  comparing  the  analyses 
of  samples  cut  at  the  face  of  the  trench,  where  the  deposit  was  weath- 
ered to  red  or  brown,  and  at  the  back  of  the  trench,  where  the  mate- 
rial was  still  green  and  apparently  unweathered;  or  by  comparing 
the  analyses  of  samples  cut  at  the  top  of  a  bank,  where  the  greensand 
made  the  surface  soil,  and  lower  in  the  bank,  where  the  greensand 
appeared  unweathered.  (See  analyses  of  samples  31,  32,  51,  52, 
and  63.) 

GEOLOGIC  OCCURRENCE  OF  THE   GREENSANDS. 

The  unconsolidated  greensands  of  the  northern  Atlantic  States  aro 
found  in  the  Aquia  and  Shark  River  formations  of  the  Eocene  and  in 
the  Manasquan,  Rancocas,  and  Monmouth  formations  of  the  Creta- 
ceous. The  following  table  shows  the  geologic  age  and  thickness  of 
these  formations  in  New  Jersey,  Delaware,  and  Maryland : 

Principal  greensand-hearing  formations  of  New  Jersey,  Delaware,  and  Maryland. 


Age. 

New  Jersey. 

Delaware. 

Maryland. 

Eocene. 

Shark  River  marl,  from  a 
thin  film  to  11  feet  thick. 

Aquia  formation,  35 
feet  thick. 

Naniemoy  formation: 

Woodstock   greensand 

marl  member,  70  feet 

thick. 
Potapaoo  clay    mem- 
ber, 71  feet  tlilck. 
Aquia  formation: 

Paspotansa  greensand 

marl  member,  47  feet 

thick. 
Piscataway  indurated 

marl  member,    60+ 

feet  thick. 

Upper  Cretaceous. 

Manosqnan  formation,  25 

feet  thick. 
RancooaH  group: 

Vincentown  sand,  25- 

70  foet  thick. 
Homerstown  marl,  30 
feet  thick. 
Monmouth  group: 

Redbank  sand,  from  a 
thin  film  to  100  feet 
thick,  including  Tin- 
ton  sand  member, 
10-20  feet  thick. 
Navesink  marl,  25-40 

feet  thick. 
Hount  Laurel  sand, 
5-CO  feet  thick. 
Matawan  formation 

Rancocas    formation, 
20  leet  thick. 

Monmouth  formation, 
80  feet  thick. 

Matawan    formation, 
30  foet  thick. 

Rancocas  formation,  a  few 
feet  thick  (?) 

Monmouth    formation;    a 
thin  film  at  the  south; 
Increases  to  100  feet  at 
the  north. 

Matawan  formation;  10  feet 
thick  at  the  south;  50 
feet  thick  at  the  north. 

The  formations  listed  differ  greatly  in  thickness  from  north  to 
south.  In  general  the  Eocene  strata  are  lacking  at  the  north  and 
thicken  to  the  south,  whereas  the  Cretaceous  strata  are  well  repre- 
sented in  New  Jersey  but  become  thin  or  disappear  in  Maryland  or 
before  reaching  that  State.    Of  the  New  Jersey  formations  the  Shark 
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fiiver  and  Manasquan  formations  were  called  by  the  older  New  Jer- 
sey geologists  the  "Upper  marl  bed,"  the  Homerstown  marl  was 
called  the  "Middle  marl  bed,"  the  Navesink  marl  was  called  the 
"  Lower  marl  bed,"  and  the  Matawan  formation  was  called  the  "  Clay 
marl  bed." 

In  the  writer's  opinion  the  term  "marl"  should  be  restricted  to 
earthy  deposits  containing  an  appreciable  amount  of  lime.  Under 
this  definition  most  of  the  greensand  deports  of  New  Jersey  and 
neighboring  States  should  not  be  called  marls,  but  they  have  been  so 
generally  thus  designated  in  geologic  reports  and  popular  speech 
that  it  will  be  difficult  to  change  the  usage. 

The  sketch  map  (PL  II)  shows  on  a  small  scale  the  distribution  of 
these  formations  in  the  three  States  mentioned  and  the  location  of 
places  where  samples  were  taken  for  analysis. 

THE   GREENSAND  BEDS. 

NEW  JEBSEY. 
EXPOSURES    OF   THE    BEDS. 

The  greensand  beds  of  New  Jersey  have  been  described  in  some 
detail  by  previous  writers.*  Only  brief  notes  on  the  thickness  and 
other  features  of  the  sands  will  be  quoted  here.  These  notes  will 
be  followed  by  a  list  of  the  localities  visited  by  Mr.  Phalen,  a  state- 
ment of  the  thickness  of  the  greensands  sampled  by  him,  and  the 
names  of  the  owners  of  the  land  from  which  the  samples  were  taken. 
The  following  data  are  abstracted  from  the  report  by  G.  H.  Cook :  ^ 

At  Highlands^  Monmouth  County,  on  the  sliore  of  Sandy  Hook 
Bay,  the  greensand  is  25  feet  thick  and  is  overlain  by  14  feet  of  clay. 
On  Hop  Brook,  Atlantic  Township,  the  greensand  is  16  feet  or  more 
thick  and  is  overlain  by  21  feet  of  clay  and  low-grade  greensand. 
At  a  locality  about  IJ  miles  north  of  Freehold  there  is  a  deposit 
of  greensand  21^  feet  thick  underlying  7  feet  of  clay.  On  McCleas 
Creek  20  feet  of  greensand  has  been  dug  on  the  P.  J.  McCleas  place.' 
W.  V.  Conover  dug  21  feet  of  greensand  on  the  north  shore  of 
Navesink  Kiver,  opposite  Redbank.  William  Smith  dug  20  feet  of 
greensand  in  Nut  Swamp,  and  Azariah  Conover  dug  25  feet  of 
greensand  at  Middletown.    Pits  had  been  opened  along  the  north 

1  Rogers,  H.  D.,  Description  of  tbe  geology  of  the  State  of  New  Jersey,  1840.  Cook, 
G.  H.,  Geology  of  New  Jersey,  1868.  Clark,  W.  B.,  A  preliminary  report  on  the  Creta- 
eeoos  and' Tertiary  formations  of  New  Jersey:  New  Jersey  Geol.  Survey  Ann.  Rept.  for 
1S92,  pp.  169-289,  1898.  See  also  Atlas  of  New  Jersey,  New  Jersey  Geol.  Survey ;  and 
New  Jersey  Agr.  Bxper.  Sta.  Bull.  61,  1916. 

«Op.  dt..  pp.  268-276. 

'The  names  here  given  are  those  of  the  owners  of  the  land  in  1868,  when  Cook*s  report 
was  pnbllalied. 
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slope  of  the  Mount  Pleasant  Hills  from  a  point  above  Middletown 
nearly  to  Marlboro.  Near  Holmdel  P.  R.  Smock  dug  16  feet  of 
greensand,  and  on  the  Schank  place,  on  the  north  side  of  Hop  Brook, 
the  greensand  is  21  feet  thick,  including,  as  is  common  in  this  area, 
a  14-inch  layer  of  shells  near  the  middle.  At  Marlboro  Uriah  Smock 
dug  17  feet  of  greensand.  Between  Freehold  and  Englishtown  J.  C. 
Thompson  dug  15  feet  of  greensand,  and  on  Manalapan  Creek  at 
Black  Mills  the  sand  is  20  feet  thick.  At  Cream  Bidge  12  feet  of 
greensand  has  been  exposed. 

In  Burlington  County,  on  Bancocas  Creek,  three-fourths  of  a 
mile  northwest  of  Jacobstown,  Mr.  Rogers  is  said  to  have  found  27 
feet  of  greensand,  and  on  the  D.  6.  Lippincott  place,  half  a  mile 
below  Mount  Holly,  7  to  20  feet  of  greensand  has  been  found.  In 
Camden  County,  on  Cooper  Creek^  on  the  Bridge  Kay  place,  2  miles 
from  Haddonfield,  the  greensand  is  10  to  15  feet  thick.  These  local- 
ities are  all  on  the  "  lower  marl  bed  "  or  Navesink  marl. 

In  Monmouth  County  the  "  middle  marl  bed  "  or  Homerstown  marl 
(or  greensand)  is  8  to  10  feet  thick  between  Long  Branch  and  Eaton- 
town;  18  feet  thick  on  the  Peter  Casler  place  on  Town  Neck;  and  11 
feet  thick  near  Eatontown,  on  the  G.  A.  Corlies  place.  At  Tinton 
Falls  P.  Hendrickson  dug  10  feet  into  greensand,  and  half  a  mile 
south  of  Colts  Neck  the  greensand  is  12  to  13  feet  thick.  About  a 
mile  southwest  of  Blue  Ball  the  greensand  is  10  to  14  feet  thick,  and 
at  Hornerstown  it  is  11  feet  thick. 

In  Ocean  County  the  greensand  is  10  feet  thick  on  Lahway  Creek, 
near  Prospertown,  and  14  feet  thick  at  New  Egypt. 

In  Burlington  County  the  greensand  is  14  to  15  feet  thick  at 
Springfield  and  22  feet  thick  at  Pemberton.  The  whole  bed  is  ex- 
posed between  Vincentown  and  Eayrstown.  It  is  15  to  16  feet  thick 
along  Sharps  Bun,  west  of  Medf ord,  and  13  feet  thick  at  Marlton. 

In  Camden  County  the  greensand  is  6  to  13  feet  thick  at  White 
Horse;  30  feet  thick  at  Laurel  Mills,  on  Big  Timber  Creek;  and.  18 
to  20  feet  thick  at  Blackwood. 

In  Gloucester  County  the  greensand  is  13  feet  thick  on  Mantua 
Creek,  at  Hurffville;  12  feet  thick  southeast  of  Bamsboro;  and  12 
to  20  feet  thick  on  Raccoon  Creek. 

In  Salem  County  the  greensand  is  15  feet  thick  on  Nihomus  Run ; 
18  feet  thick  along  Mannington  Creek;  and  25  feet  or  more  thick 
on  the  William  Barber  place,  on  Mannington  Creek. 

The  upper  bed  of  greensand  is  described  in  Cook's  report  as  con- 
sisting of  two  beds — "  green  marl "  below,  17  feet  thick,  and  a  "  blue 
marl "  above,  11  feet  thick,  separated  by  9  feet  of  "  ash  marl." 

In  Monmouth  County  the  greensand  is  16  feet  thick,  along  Poplar 
Brook;  18  feet  thick  on  the  H.  Hurley  place  on  Shark  River;  10  to 
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12  feet  thick  at  Farmingdale,  along  the  Mingumhone ;  13  to  15  feet 
thick  at  many  places  along  the  Manasquan ;  and  15  feet  thick  on  the 
Timber  Swamp,  where  dug  by  the  Squankum  Marl  Co. 

In  Burlington  County  the  greensand  is  12  feet  thick  at  Poke  Hill. 

In  addition  to  these  loc^ities  Cook  mentions  many  pits  and  locali- 
ties where  the  greensand  has  been  dug,  without  giving  the  thickness 
found. 

SOURCES    OF   THE    SAMPLES. 

The  locations  from  which  Mr.  Phalen  obtained  siCmples,  the 
present  owners  of  the  land,  the  observable  sections  of  the  beds,  and 
the  character  of  the  samples  are  as  follows: 

Sample  1  was  obtained  from  the  land  of  Daniel  Mahoney,  half 
a  mile  northeast  of  Farmingdale,  Monmouth  County.  The  section 
shows  2  to  3  feet  of  greensand,  reported  to  be  10  feet  thick,  overlain 
by  7  feet  of  black  clay,  and  the  clay  overlain  by  8  to  10  feet  of  gravel 
and  clay. 

Sample  2  was  taken  on  the  Mark  Kilmartin  place,  5  miles  north- 
east of  Freehold,  Monmouth  County,  the  sample  including  15  feet 
of  greensand.  The  greensand  bed  in  this  locality  is  overlain  by  5 
feet  of  clay  and  gravel. 

Sample  3  was  taken  from  the  John  Van  Kirk  place,  Marlboro, 
Monmouth  County.  The  10  feet  of  greensand  sampled  is  overlain 
by  3  to  5  feet  of  gravel.     This  greensand  contains  shells. 

Sample  4  was  taken  on  the  Henry  Butterworth  place,  between 
Pemberton  and  Vincentown,  Burlington  County,  5  feet  of  greensand 
behig  sampled.  The  bed  at  this  place  is  overlain  by  10  to  15  feet  of 
clay  and  gravel. 

Sample  5  was  taKen  from  a  heap  of  greensand  previously  dug  on 
the  Ben  Brown  place,  near  Vincentown,  Burlington  County. 

Sample  6  was  taken  at  the  same  place  as  No.  5,  but  the  greensand, 
5  or  6  feet  thick,  was  sampled  in  the  bed. 

Sample  7  was  taken  from  a  recently  dug  pile  on  the  Ivens  Homer 
place,  1|  miles  northeast  of  Pemberton,  Burlington  County. 

Sample  8  was  cut  in  the  bed  at  the  place  from  which  sample  7 
was  obtained,  where  the  greensand  is  12  to  14  feet  thick  and  the 
overburden  8  to  10  feet  thick. 

Sample  9  is  an  average  sample  from  10  feet  of  greensand,  overlain 
by  2  feet  of  clay  and  gravel,  on  the  William  Hoffman  place,  north 
of  Birmingham,  Burlington  County. 

Sample  10  was  cut  on  the  Henry  Edwards  place,  2  miles  southwest 
of  MuUica  Hill,  Gloucester  County.  The  greensand  at  this  locality 
is  5  feet  or  more  thick  and  is  overlain  by  15  to  20  feet  of  clay  and 
graveL 
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Sample  11  was  cut  from  10  feet  of  greensand,  overlain  by  8  to  10 
feet  of  clay  and  gravel,  on  the  William  Wenzell  place,  just  west  of 
Sewell  Village,  Gloucester  County. 

Sample  12  was  cut  from  an  old  marl  pit  southwest  of  Laurel 
Springs,  Camden  County,  where  the  greensand  showed  a  thickness 
of  10  to  12  feet,  overlain  by  20  feet  of  overburden.  ^ 

DELAWABE.  I 


As  the  samples  taken  in  Delaware  came  from  a  relatively  small 
area  in  New  Castle  County,  a  sketch  map  (fig.  1)  is  presented  to 
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FiouBB  1. — Sketch  map  of  area  adjacent  to  Middletown,  Del.      X,  Locality  from  whleb 

greensand  samples  were  obtained. 


show  more  in  detail  the  locations  of  the  several  deposits  from  which 
samples  were  taken. 

Sample  13  was  taken  by  Mr.  Phalen  from  an  old  greensand  stock 
heap  on  the  Howard  Crossland  place,  on  the  Chesapeake  &  Delaware 
Canal,  west  of  Delaware  City. 

Sample  14  was  taken  near  the  head  of  Silver  Run  from  a  5-foot  cut 
in  the  side  of  an  old  pit  on  the  C.  E.  Pool  place,  formerly  the  Kars- 
ner  place.    This  pit  is  about  20  feet  deep  to  the  water  now  standing 
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in  it.  The  greensand  at  this  point  was  reported  by  Booth  *  to  have  a 
thickness  of  25  feet.  The  pit  is  said  to  have  been  last  worked  about 
35  years  ago.  Its  banks  have  fallen  in  and  are  overgrown  with  trees. 
The  cut  was  made  near  the  top  of  the  greensand,  where  the  bank  was 
steepest  and  the  talus  thinnest.  The  upper  10  or  12  inches  of  the 
section  sampled  (sample  l-iB)  is  light  green  and  resembles  clay  in 
grain  and  physical  properties.  The  analysis  shows  it  to  contain  6.85 
per  cent  of  potash.  The  remainder  of  the  sample  represents  dark- 
green  sand  with  which  are  mixed  many  hard  green  and  dark-red 
indurated  slabs,  averaging  about  one-half  inch  thick.  This  sample 
comes  from  the  Kancocas  formation.  Booth*  reports  8.50  per  cent 
potash  as  the  average  of  this  pit. 

Booth  *  reports  greensand  on  the  S.  Townsend  place  23  feet  thick, 
on  the  J.  Vandegrift  place,  and  on  the  Glazier  place.  These  pits 
could  not  be  located,  but  in  searching  for  them  greensand  was  noted 
at  location  15,  possibly  not  in  place,  for  it  appeared  only  as  an  irregu- 
lar film  over  the  bottoms  of  a  branch  of  Silver  Bun.  Sample  IS  was 
taken  at  this  place. 

Sample  16  was  taken  not  far  from  the  place  where  sample  15  was 
obtained.  Greensand  at  this  place  had  been  brought  to  the  surface 
from  a  woodchuck  burrow.  The  thickness  and  character  of  the  sand 
is  not  known  at  either  location  15  or  16. 

There  are  a  number  of  pits  on  both  sides  of  the  old  State  road 
north  and  south  of  the  crossing  of  Drawyer  Creek,  and  greensand 
is  well  exposed  in  a  cut  on  the  road  north  of  the  bridge.  It  appears 
to  form  the  surface  of  the  ground  south  of  the  bridge  as  far  as  the 
Drawyer  Cemetery.  Booth  *  reports  the  greensand  as  mined  north  of 
the  creek  on  Mrs.  L.  Sims's  farm  east  of  the  road  and  on  the  J. 
Rogers  place  west  of  the  road.  The  freshest  exposure  seen  was  in 
the  cut  on  the  road  at  location  17,  about  30  feet  above  sea  level  at 
the  bridge.  The  greensand  at  this  point  appears  to  be  confined  to  a 
narrow  strip,  for  exposures  in  the  cut  on  the  west  side  of  the  road  and 
in  the  hill  above  the  point  mentioned  on  the  east  side  of  the  road 
show  no  greensand,  but  only  yellow  and  red  sand  and  the  gravel  of 
the  Talbot  formation  of  Quaternary  age.  Sample  17,  taken  at  this 
place,  represents  a  6-foot  cut. 

The  south  prong  of  the  north  fork  of  Drawyer  Creek  is  cut  in  the 
Monmouth  formation,  from  a  point  west  of  the  railroad,  for  a  mile 
or  more  downstream.    The  greensand  is  exposed  only  at  the  creek 


*  Booth,  J.  C,  Memoir  of  the  geological  nuryey  of  the  State  of  Delaware,  p.  55,  Dover, 
IMl. 

*Idein,  p.  50. 
"Idem,  pp.  54,  55. 

82163^—18— Bull.  600 4 
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level  or  for  1  or  2  feet  above  it.  Samples  18  to  21  were  taken  at 
points  along  that  branch. 

Sample  18  was  taken  just  east  of  the  State  road,  between  the  road 
and  the  railroad  track.  It  consisted  of  material  from  a  2-foot  cut, 
1  foot  being  taken  above  the  water  level  of  the  stream  and  1  foot 
taken  below  the  water  level. 

Sample  19  was  obtained  from  a  woodchuck  mound  a  few  feet  above 
the  level  of  the  stream  bottom,  a  short  distance  east  of  the  railroad. 

Sample  20  was  cut  in  the  shallow  bank  of  the  stream,  at  and  below 
water  level. 

Sample  21  was  taken  about  100  yards  south  of  the  bridge  at  this 
point,  where  about  10  feet  of  coarse  yellow  sand  is  exposed.  This 
sand  contains  layers  and  patches  of  black  sand,  suggestive  of  oxidized 
glauconite.  The  sample  analyzed  consisted  of  portions  of  these  black 
bands.  Similar  dark  micaceous  sand  shows  in  the  drains  for  some 
distance  south  of  the  bridge.  Where  sampled,  the  black  material 
made  up  from  10  to  20  per  cent  of  the  whole. 

Sample  22  was  taken  from  a  small  exposure  of  high-grade  green- 
sand  south  of  Drawyer  Creek,  at  the  point  where  the  road  from 
Odessa  turns  southeast.  Only  2  feet  of  the  greensand  is  exposed. 
It  is  overlain  by  a  small  thickness  of  yellow  sand  and  gravel.  This 
sample  represents  a  2-foot  cut  made  at  the  side  of  the  road. 

Sample  23  was  taken  at  the  same  point  as  sample  22,  but  it  repre- 
sents water-laid  material  taken  from  the  bed  of  a  little  drain  that 
was  cut  in  the  greensand  at  this  point.  The  sample  was  taken  iii 
order  to  see  what  effect,  if  any,  was  produced  on  the  material  by 
erosion  and  transportation  downstream,  which  possibly  involved 
separation  of  the  greensand  from  any  associated  clay  and  other  mat- 
ter that  might  have  been  carried  away  by  the  flowing  water  in  which 
the  sands  were  deposited.  It  was  thought  that  this  sample  might 
show  a  concentration  of  the  greensand  and  a  somewhat  higher  per- 
centage of  potash.  The  analyses,  however,  show  that  the  original  de- 
posit was  so  nearly  pure  glauconite  that  little  or  no  concentration 
could  take  place,  for  they  differ  only  by  0.02  per  cent  of  potash  and 
both  show  the  highest  percentage  of  any  of  the  samples  obtained, 
with  the  exception  of  the  green  clay  that  forms  sample  14B. 

About  one- fourth  of  a  mile  south  of  the  bridge  on  the  east  side 
of  the  road  on  which  sample  22  was  obtained  a  greater  thickness  of 
greensand  is  exposed,  and  the  material  that  is  revealed  appears  to 
belong  stratigraphically  above  that  sampled  at  location  22.  Sample 
24,  which  was  taken  at  this  place,  represents  a  6- foot  cut.  The  green- 
sand hero  appears  to  be  less  uniform  than  that  at  locality  22  and  to  be 
much  harder ;  in  part  it  is  indurated  with  iron. 

The  Eancocas  formation,  from  which  samples  22  to  24  were  taken, 
crops  out  along  both  forks  of  Appoquinimink  Creek. 
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Sample  25  was  cut  in  the  bluff  behind  the  wharf  house  at  Odessa, 
just  east  of  the  old  State  road.  The  bank  contains  15  to  18  feet  of 
a  red  sand  that  is  streaked  with  gray  and  locally  hardened  by  iron. 
This  sand  has  a  faint  greenish  tinge,  due  to  the  presence  of  a  small 
amount  of  glauconite. 

Samples  26  and  27  represent  two  cuts  on  the  north  fork  of  Appo- 
quinimink  Creek,  opposite  the  Keese  mill,  on  the  south  side  of  the 
fork  and  beneath  the  floor  of  the  old  sand  and  gravel  pit 

Sample  26  was  taken  from  a  3-foot  cut  at  the  top  of  the  bluff  at 
this  locality,  and  sample  27  from  a  2-foot  cut  immediately  below  the 
3- foot  cut  but  made  somewhat  deeper  into  the  face  of  the  bluff.  The 
upper  cut  contains  many  hard  slabs,  indurated  with  iron,  which  were 
absent  in  the  lower  cut  and  which  presumably  represent  the  results 
of  incipient  weathering. 

ICABYLAKl). 

In  Maryland  the  greensand  was  sampled  at  only  two  points,  which 
were  selected  after  inquiry  of  the  geologists  who  had  worked  over  the 
area.  The  greensand  at  these  points  and  that  at  Fort  Washington, 
which  was  not  sampled,  was  thought  to  be  the  most  promising  and  to 
best  fulfill  the  conditions  of  nearness  to  routes  of  transportation. 

Two  samples,  28  and  29,  were  cut  in  the  cliffs  on  the  north  side  of 
Severn  Biver,  in  Anne  Arundel  County,  about  half  a  mile  and  1 
mile  above  the  Annapolis  Short  Line  bridge.  The  section  shows  from 
30  to  70  feet  of  sand,  most  of  which  is  a  deep  yellow  brown  at  the 
surface.  Many  streaks  of  indurated  sand  are  present  Toward  the 
bottom  the  effects  of  weathering  are  less  marked,  and  even  at  the 
exposed  surface  the  sand  has  a  greenish  tinge.  When  examined  with 
a  hand  lens,  it  has  the  appearance  of  pepper  and  salt.  Two  cuts,  each 
5  feet  long,  were  made  a  fraction  of  a  mile  apart.  The  thickness  of  the 
greensand  here  is  great,  but  it  is  uncertain  to  what  extent  it  may  be 
weathered,  as  the  grain  appears  to  be  rather  open.  The  sand  at  the 
bottom  of  the  cliff  runs  low  in  potash,  but  the  greensand  could  be 
readily  separated  from  the  coarse  sand. 

Samples  30  to  34  were  taken  in  a  long  cut  on  the  Chesapeake 
Beach  Railway,  in  Prince  Georges  County,  about  halfway  between 
Upper  Marlboro  station  and  Pennsylvania  Junction.  The  face  of 
the  cut  has  a  depth  of  about  30  feet,  of  which  the  upper  15  feet 
consists  of  sand  and  thin  layers  of  gravel,  deep  reddish  yellow  at 
the  top  and  reddish  green  at  the  bottom.  This  material  is  underlain 
by  15  feet  or  more  of  greensand.  Sample  30  represents  a  5-foot 
cut  at  the  top  of  the  greensand  bed  in  the  west  end  of  the  cut.  This 
material  is  very  fine  grained  and  cuts  like  clay.  Samples  31  and  32 
are  from  a  2-foot  cut  made  just  below  the  last.     Sample  31  was 
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taken  directly  in  the  surface  of  the  railroad  cut,  where  the  material 

was  obviously  weathered;  then  a  trench  was  dug  2  feet  or  more  in 

depth  to  a  point  where  the  greensand  had  lost  all  appearance  of 

weathering,  and  at  the  back  of  this  trench  sample  32  was  taken. 

Samples  33  and  34  were  cut  at  the  east  end  of  the  cliff,  sample  33 

representing  a  6-foot  cut  whose  base  was  4  feet  above  the  track, 

and  sample  34  a  3-foot  cut  just  under  the  6-foot  cut.    In  both  these 

samples  the  material  cut  like  wet  clay  but  broke  like  a  sand.    Sample 

33  carried  some  streaks  of  ocher-yellow  material,  from  which  sample 

34  was  free,  and  sample  34  carried  a  considerable  quantity  of  shell 
fragments,  which  doubtless  gives  it  a  high  percentage  of  lime. 

Traces  of  greensand  occur  in  the  long  cut  on  the  Pennsylvania 
Railroad  south  of  Marlboro  station.  At  one  point,  where  sample  35 
was  taken,  the  cut  exposes  10  feet  or  more  of  dark-drab  and  light- 
drab  clay  and  brown  sand,  containing  spots  of  bright  greensand 
and  locally  flecks  of  cobalt-blue  material,  which  was  not  studied  but 
is  supposed  to  be  vivianite,  or  hydrous  iron  phosphate. 

Two  cuts  were  made  on  the  bank  beside  the  road,  just  north  of 
the  bridge  at  Marlboro.  The  section  shows  10  feet  of  reddish-brown 
sand  (Nanjemoy  formation),  32  feet  of  coarse-grained  olive-green 
sand,  2  feet  of  indurated  greensand  with  shells,  and  5  feet  of  uncon- 
solidated greensand  with  shells.  Sample  36  represents  a  10-foot 
cut  starting  at  the  top  of  the  32-foot  bed  of  greensand.  Sample  37 
represents  a  5-foot  cut  starting  15  feet  below  the  other.  All  of  the 
section  except  the  upper  10  feet  are  in  the  Paspotansa  member  of 
the  Aquia  formation. 

Just  west  of  this  road  cut  are  old  openings  that  appear  to  have 
been  extensive  greensand  pits. 

Samples  38  and  39  represent  the  material  from  two  3-foot  cuts,  one 
above  the  other,  made  in  the  perpendicular  bank  of  a  small  gully 
about  a  quarter  of  a  mile  west  of  the  road  cuts  just  described.  This 
sand  appeared  to  be  less  weathered  at  the  surface  than  that  at  the 
road.  The  upper  cut  (sample  38)  differed  from  the  lower  in  showing 
traces  of  weathered  pyrite,  whereas  the  lower  section  showed  much 
limonite. 

VTBGINIA. 

Three  samples  were  taken  in  Virginia,  all  at  the  same  locality 
in  Henderson  Bluff  on  Potomac  River,  1  mile  below  the  mouth  of 
Aquia  Creek,  and  about  6  miles  east  of  Brooke  station,  on  the  Rich- 
mond, Fredericksburg  &  Potomac  Railroad.  A  plant  for  drying  and 
shipping  the  greensand  has  been  put  up  at  this  point  by  B.  L.  Hender- 
son, of  Baltimore.  This  is  the  type  locality  of  the  Aquia  formation. 
The  section  given  by  the  Maryland  Geological  Survey  is  as  follows  :  ^ 


>  Maryland  Geol.  Survey,  Eocene,  p.  69,  1901. 


OBEENSAND  DEPOSITS  OF  EASTEBN  UNITED  STATES.  45 

BecHon  on  Potomac  River  below  the  mouth  of  Aquia  Creek, 

Plelstooene :  Feet 

Fine  sand,  light  yellow,  with  white  clay  at  base 26 

Eocene: 

Aquia  formation: 

Paspotansa  member: 

Fine  sand,  light  green ;  contains  a  few  glauconite 

grains   (Eone  10) 10 

Thick-bedded    sandy    and    glauconite    limestone 

(zone  9) 30 

Fine  sand,  green  or  gray  (zone  8) 30 

Piscataway  member: 

Dark  greensand,  containing  broken  shells  (zone  7)      7 
Dark  greensand,  containing  whole  shells  (zone  6)       1 

Light  greensand,  indurated  (zone  5) 2 

Oreensand  marl  (zone  4) 8 

Dark  greensand,  indurated  (zone  3) 2 

Greensand  marl  (zone  2) 16 

132 

Where  the  samples  were  cut,  zone  2  has  a  greater  thickness  than 
that  given  in  the  section — ^at  least  20  feet  where  samples  41  and  42 
were  cut  and  22  feet  where  sample  40  was  cut. 

Sample  40  was  taken  from  a  5-foot  cut  in  the  top  of  the  8- foot 
layer  of  greensand  (zone  4)  immediately  back  of  the  drying  plant. 
Samples  41  and  42  were  cut  a  short  distance  west  of  the  plant.  Sample 
41  represents  a  5-foot  cut  at  the  top  of  zone  2;  sample  42  a  3-foot 
cut  in  the  same  bed,  just  above  the  shore.  All  the  cuts  include  sands 
containing  large  quantities  of  shell  fragments,  so  that  the  percentage 
of  lime  is  probably  from  50  to  75  per  cent,  necessarily  greatly  reduc- 
ing the  percentage  of  potash  in  the  samples.  The  upper  part  of  the 
section  includes  sands  that  show  small  percentages  of  glauconite. 
When  crushed  in  the  hand  these  sands  suggest  salt  that  has  been 
slightly  sprinkled  with  pepper. 

NOBTH  CABOLINA. 

The  greensand  of  North  Carolina  was  sampled  at  only  one  locality — 
a  bluff  1  mile  above  Edwards  Bridge,  on  the  north  side  of  Con- 
tentnea  Creek,  about  6  miles  above  Grifton,  a  station  on  the  Atlantic 
Coast  Line  Railroad  a  few  miles  northeast  of  Kingston.  The  green- 
sand at  this  point  was  said  by  L.  W.  Stephenson  to  appear  to  bo 
much  greener  than  any  other  that  he  had  seen  in  the  State.  It  is  over- 
lain by  6  to  8  feet  of  clay  and  yellow  sand  and  gravel.  The  richer 
portion  of  the  sand  is  4  feet  thick.  Sample  43,  taken  at  this  locality, 
is  a  light-greenish  sand,  containing  considerable  quartz.    Below  the 


46  OONTEIBUTIONS  TO  ECONOMIC  OEOLOGY,  1W.7,  PABT  I. 

layer  sampled  lies  8  feet  of  dark-gray  sand,  which  here  and  there 
contains  small  stringers  of  greensand  a  few  inches  long  and  less  than 
an  inch  thick.    Sample  44  represents  a  7- foot  cut  in  this  bed. 

The  greensand  is  reported  to  have  been  struck  in  ditches  some 
distance  north  and  east  of  this  bluff.  About  a  quarter  of  a  mile 
above  Edwards  Bridge,  nearly  5  feet  of  the  lower  bed  is  exposed 
in  a  bluff  on  the  north  bank.  The  greensand  is  overlain  directly 
by  the  surface  sand  and  gravel.  The  lower  bed  at  this  point  is  rep- 
resented in  sample  45. 

TENNESSEE. 

Troost,  ^  the  first  State  geologist  of  Tennessee,  gave  in  his  seventh 
annual  report  analyses  of  greensands  from  McNairy  County,  Tenn., 
showing  from  10.10  to  11.30  per  cent  of  potash.  A  preliminary 
study  of  this  subject  by  the  writer  led  to  the  belief  that  these 
analyses  represented  results  not  from  isamples  of  the  bed  as  a  whole 
but  of  selected  grains  of  greensand,  as  appears  to  have  been  the 
custom  at  that  period.  Further,  the  analytical  method  then  in  use 
for  the  determination  of  the  content  of  potash  appears  to  have  been 
faulty,  and  to  have  yielded  too  high  a  percentage  of  potash,  even  for 
the  glauconite  grains. 

In  Nashville  the  writer  examined  the  samples  of  greensand  (?) 
collected  by  Mr.  Wade,  of  the  State  Geological  Survey,  in  McNairy 
and  adjacent  counties,  in  a  detailed  study  recently  made  of  that 
area.  None  of  the  material  so  collected  revealed  any  greensand  under 
the  hand  lens.  The  writer  then  spent  two  days  in  examining  rail- 
road and  road  cuts  in  southeastern  McNairy  County  without  finding 
any  trace  of  greensand.  Most  of  the  ^'  sand  "  of  the  region  seen  in 
wells  and  the  deeper  railroad  cuts  is  a  dark,  sandy  shale,  very  dark 
when  wet.  Sample  46  came  from  a  well  nearly  5  miles  northeast  of 
Selmer. 

Sample  47  represents  the  weathered  surface  material  exposed  in  a 
road  cut.  All  the  soU  of  the  region  has  a  faint  greenish-yellow 
tinge.  Neither  of  the  samples  reveals  any  glauconite  under  the  lens, 
though  each  contains  considerable  mica  and  possibly  other  potash- 
bearing  material.  The  samples  collected  by  Mr.  Wade  have  been 
examined  by  Mr.  Bowers,  of  the  State  Survey,  who  reports  less  than 
3  per  cent  of  potash. 

ABXAKSAS. 

The  only  greensands  in  Arkansas  that  promised  to  be  of  value  were 
represented  by  small  specimens  collected  at  Washington,  Hemp- 
stead County,  by^L.  W.  Stephenson,  which  on  analysis  yielded  4.90 

^»i^-^^— ^— ^^^^^^— ~— — ^■^^■^^^"~~'»™^'^™»~"»^^"~^"— ^»»™— i«"^^— ^»»'»^'— ^■^—— ^^"^»i»'™  ■"■  ■  — »— ^^-^^ ^^»— ^-^i^— ^^.^  « ■  — ^^^— ^^-^-^^ 

>Trooat,  Gerardp  Seventh  report  of  the  geological  survey  of  Tennessee,  p.  80,  1844. 
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per  cent  potash.  A  suite  of  samples  was  therefore  collected  in  that 
area,  with  the  aid  of  Mr.  William  Taylor,  of  the  Bureau  of  Soils, 
who  was  at  that  time  making  a  survey  of  the  soils  of  the  county.  The 
best  exposure  of  sand  was  found  in  a  road  cut  one-quarter  of  a  mile 
or  less  east  of  the  station  at  Washington.  The  section  shows,  from 
the  top  downward,  10  feet  of  greenish-gray  sand,  with  bands  of  iron- 
stained  sand ;  7  feet  of  greenish-gray  sand,  of  which  sample  48  rep- 
resents the  upper  8  feet  and  sample  49  the  lower  4  feet,  which  is 
much  greener  and  richer  than  the  top  of  the  bed ;  6  inches  to  1  foot 
of  calcareous  hard  greenish-gray  sand ;  4  feet  of  dark  sand  that  has  a 
pepper-and-salt  appearance,  from  which  sample  50  was  obtained; 
3  feet  of  dark  sand  containing  much  dark  calcareous  matter.  Just 
east  of  Holz's  store,  on  the  J.  B.  Jones  road,  three  sections  were  cut. 
Sample  51  represents  1  foot  at  the  top  of  the  section,  including  the 
oxidized  red  sand  at  the  top  of  the  road  cut.  Sample  52  represents 
a  2- foot  cut  immediately  below  the  1-foot  cut,  showing  the  same  ma- 
terials, only  slightly  weathered.  Sample  53  is  from  a  3-foot  cut, 
starting  1  foot  below  the  bottom  of  the  cut  made  for  sample  52. 

Samples  54  to  56  were  taken  in  a  road  cut  on  the  J.  K.  Jones 
road,  about  3  miles  from  Washington.  Sample  54  represents  a  4- foot 
cat  in  the  upper  part  of  the  section,  sample  55  a  2-foot  cut  a  few  feet 
lower,  and  sample  56  a  3-foot  cut  at  a  horizon  still  lower. 

The  work  of  Mr.  Taylor  has  shown  an  area  of  several  square  miles 
of  p^ensand  around  Washington.  The  results  of  the  sampling 
diow  that  much  of  the  greensand  is  low  in  potash,  though  sample  50 
shows  that  some  of  the  bed  is,  at  least  locally,  fairly  good. 

ANALYSES   OF  GREENSANDS. 

It«sults  of  analyses  of  the  samples  collected  are  given  in  the  fol- 
lowing table: 

Analyses  of  greensands, 
[W.  B.  Hicki  And  R.  K.  Bailey,  aoalysta.] 


I 

3 

8 

4 

6 

6 

T 

8 

9 
10 
U 
U 
U 
M 
HB 
1ft 


Itamiofilito,  N.  7 

Fn^uAn/J 

MtfiboTOi  N.  7... 

.....do ••....... 

ViBOiiitowii.  N.  J.... 

do..... 

Pmbiftoii,  N.  J 

. . ..  .do • • 

BJfiniMtwiin.  N.  7 

BtfmiLV.jl 

LionlSprlJiAN.  7 

f  mlltf  wait  of  natowara  City ,  Dal 

Bilfar  Bim,  Dal 

do 

do 


2.04 

3.eo 

3.00 
3.60 
8.10 
3.fi0 
3.50 
3.04 
6.85 
6.04 
5.89 
6^31 
2.80 
6.10 
5.09 
2.65 


3.64 
4.46 
4.45 

4.28 
3.74 
4.22 
4.22 
4.74 
7.07 
7.15 
7.09 
0.40 
3.30 
0.15 
0.85 
3.07 


Hicks. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Bailey. 

Do. 

Do. 
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No. 

LooOity. 

Potas- 
■lum. 

Potaah. 

Analyrt. 

16 

fill  vflT  Run ,  Pfil 

3.58 
&18 
2.10 
8.17 
1.62 
2.02 
5^53 
&52 
4.43 
1.32 
4.72 
4.43 
2L52 
2.42 
2.17 
2.02 
1.34 
2.05 
2.42 

4.32 
5.25 
2.53 
3.82 
1.95 
2L42 
6w67 
6l65 
5.34 
1.59 
5.68 
6.33 
3.04 
2.92 
2.62 
2.43 
1.62 
2L48 
2.92 

^•^ 

17 

Drawyor  Greek,  Del 

18 
19 

Bouth'prong  ornorth  fork  of  Dnwyer  Cre^  Del 

do 

Do. 
Do. 

20 

do 

Do. 

21 

do 

Do. 

22 

Dnwyer  Creek  north  of  Odeasa.  Del 

Do. 

2» 

do 

Do. 

24 

do '. 

Do. 

25 

Odimft,  Ti*l 

Do. 

36 

ApDoaiitnimink  Creek.  Del 

Do. 

27 

do 

Do. 

28 

Severn  River.  Md 

Hicks. 

20 

do 

Da 

80 

East  of  Upper  Marlboro.  Md 

Do. 

81 

do 

Do. 

32 

do 

Do. 

83 

do 

Do. 

84 

do 

Do. 

85 

Marlboro,  Md 

36 

do..; 

3.60 
3.15 
2L76 
3.21 
1.73 
1.95 
1.20 
2.46 
1.14 
1.12 
1.95 
1.60 
2L67 
3.68 
3.16 
2.42 
8.63 
3.57 
3.76 
3.00 
2.32 

4.45 
3.79 
8.32 
3.86 
2.08 
2.34 
1.44 
2.96 
1.37 
1.35 
2.35 
2.18 
8.22 
4.43 
3.80 
2L92 
4.37 
4.30 
4.53 
3.72 
2.80 

Do. 

87 

do 

Do. 

38 

do 

Do. 

80 

Do. 

40 

^  qida  Creek,  Va 

Do. 

41 

Do. 

42 

. . .  ..do 

Do. 

43 

"^ 

44 

do .7...*...**. '....'. 

45 

do 

Do. 

45 

Kant  of  Selnier.  Ten" 

Do. 

47 

Do. 

48 

Waffhfneton.  Ark 

Hicks. 

40 

Hicks  and  Railnr. 

50 

do 

Hicks. 

51 

Do. 

52 

do ."....! 

H^oke  and  Tkiilw. 

53 

do 

Hides. 

54 

do 

Hicks  and  Bailey. 

55 

Bailey. 
Do. 

56 

do 

Samples  1-13,  inclusive,  were  collected  by  W.  C.  Phalen.    Samples  14-56,  indusive,  ware  collected  by 
0.  H.  Ashley. 

CONCLUSIONS. 

From  the  above  descriptions  and  analyses  it  is  evident  that,  so 
far  as  present  information  goes,  the  best  greensands  are  in  New 
Jersey  and  Delaware;  that  the  deposits  in  places  have  a  maximum 
thickness  of  20  or  30  feet,  though  as  a  rule  it  is  less;  that  these 
deposits  have  a  horizontal  extent  of  many  miles;  that  the  quantity 
varies  both  in  different  parts  of  the  section  of  the  bed  at  the  same 
place  and  from  place  to  place;  that  in  the  main  these  beds  outcrop 
at  the  surface  and  have  a  cover  as  a  rule  not  more  than  their  own 
thickness;  that  locally  these  deposits  carry  more  than  7  per  cent 
of  potash,  and  that  over  large  areas  they  carry  from  5  to  7  per  cent 
of  potash ;  and  that  many  of  the  deposits  are  close  to  transportation 
and  so  situated  that  they  could  be  mined  by  dredge  or  steam  shovel 
readily  and  cheaply. 

The  deposits  examined  south  of  Delaware  are  of  lower  grade. 
It  is  probable,  however,  that  all  of  those  examined  have  a  sufficient 
extent  for  commercial  use,  if  a  cheap  method  of  obtaining  the  potash 
can  be  found. 
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In  view  of  the  relative  rapidity  with  which  the  potash  becomes 
**  available  "  or  "  soluble  "  when  the  greensand  is  used  as  a  fertilizer 
in  the  ground,  the  question  naturally  arises  as  to  whether  the  action 
of  carbon  dioxide,  humic  acid,  or  some  of  the  other  acids  of  the 
earth  might  not  prove  a  possible  solvent  of  the  potash,  for  carbon 
dioxide  could  be  readily  obtained  from  limekilns  in  adjoining  areas 
at  little  or  no  cost,  and  the  product,  if  the  process  succeeded,  would 
be  in  the  form  of  potassium  carbonate. 

Experiments  were  made  in  dissolving  the  potash  of  the  greensand 
in  a  solution  of  carbon  dioxide.  An  automatic  agitator  was  used 
and  the  tests  lasted  several  hours.  The  solution  contained  such  a 
small  amount  of  potash,  however,  as  to  indicate  that  the  process 
was  not  commercially  feasible.  Similar  experiments,  with  like  re- 
sults, were  carried  on  with  sulphur  dioxide,  which  could  be  obtained 
as  a  by-product  from  the  smelters,  and  dilute  hydrochloric  acid  also 
failed  to  give  results  of  value. 

As  the  subject  of  the  processes  of  possible  utilization  of  the  green- 
sands  in  the  production  of  commercial  potash  is  not  within  the  prov- 
ince of  this  paper,  no  detailed  study  of  the  subject  was  made,  and 
the  experiments  referred  to  were  merely  incidental  to  the  analytical 
'work,  so  that  they  may  not  be  conclusive.  The  results  obtained,  how- 
ever, do  not  lend  hope  to  the  successful  use  of  such  methods. 

The  concentration  of  the  glauconite  of  the  greensand  by  electric 
magnets  should  be  entirely  feasible,  by  employing  possibly  such  meth- 
ods as  are  to-day  in  use  in  concentrating  low-grade  ferruginous  zinc 
ores.  The  chapters  on  potash  salts  in  Mineral  Resources  of  the 
United  States  for  1913  to  1915  contain  descriptions  of  methods  pro- 
posed for  the  commercial  extraction  of  potash  from  many  of  the 
minerals  and  rocks  that  contain  it.  The  advantage  of  greensand 
over  feldspars  lies  in  its  abundance  and  possible  low  first  cost,  ex- 
dimve  of  freight. 


METHODS  OP  ANALYSIS  OP  6REENSAND. 


By  W.  B.  Hicks  and  R.  K.  Bailet. 


INTRODUCTION. 

« 

Owing  to  the  fact  that  wide  variation  in  the  potash  content  of 
greensand  marls  is  shown  by  several  reports  on  the  subject,  it  seems 
desirable  to  bring  together  here  a  brief  summary  of  the  methods  of 
analysis  that  have  previously  been  used,  together  with  the  method 
used  in  the  present  investigation.  This  comparison  will  explain  the 
lack  of  concordance  and  will  bring  out  more  or  less  clearly  the  results 
which  are  not  to  be  trusted  on  account  of  defective  methods.  Fur- 
thermore, the  procedure  which  we  have  used  is  a  departure  from 
the  usual  methods  of  determining  potash  in  silicate  rocks  and  there^ 
fore  requires  description. 

EARLIER  METHODS. 
BOGEBS'S  KETHOB. 

In  his  report  on  the  greensand  marls  of  New  Jersey,  Rogers^  pre- 
sented the  results  of  a  great  many  analyses  of  purified  glauconite 
grain&  By  his  method  the  sample  was  digested  in  a  flask  with 
rather  strong  hydrochloric  acid  for  three  days,  or  was  boiled  vigor- 
ously for  five  or  six  houra  The  solution  was  filtered,  and  the  undis- 
solved portion  was  weighed  and  reported  as  silica.  The  iron  and 
alumina  were  precipitated  from  the  filtrate  by  ammonia  and  were 
separated  from  each  other  by  caustic  soda.  The  ammonium  salts 
were  removed  by  evaporating  the  solution  to  dryness  and  igniting 
the  residue.  The  residue  after  ignition,  which  was  assumed  to  con- 
sist of  chlorides  of  calcium,  magnesium,  and  potassium,  was  weighed, 
dissolved  in  water,  diluted  to  definite  volume,  and  divided  in  half. 
In  one  portion  the  calcium  was  precipitated  as  oxalate  and  deter- 
mined as  oxide,  and  the  magnesium  was  determined  as  pyrophos* 

*Rogen»  H.  D.*  Description  of  the  geology  of  the  State  of  New  Jersey,  pp.  186-216.. 
1840. 
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phate.  Their  equivalents  as  chlorides  were  subtracted  from  the 
weight  of  the  combined  chlorides  and  the  remainder  reported  as 
potassium  chloride.  As  a  check  determination  of  the  potassium,  the 
second  portion  of  the  solution  was  evaporated  to  dryness,  the  dry- 
chlorides  were  extracted  with  alcohol  to  remove  the  calcium  and 
magnesium,  and  the  residue  was  weighed  and  reported  as  potassium 
chloride.  It  is  stated  that  when  necessary  the  salt  was  converted  into 
potassium  chloroplatinate  and  weighed,  but  no  information  is  given 
as  to  which,  if  any,  of  the  determinations  were  actually  made  accord- 
ing to  the  chloroplatinate  method. 

A  great  many  analyses  of  carefully  picked  and  purified  greensand 
grains  gave  on  an  average  11.6  per  cent  of  potash  (KjO),  0.5  per 
cent  of  lime  (CaO),  and  a  trace  of  magnesia  (MgO).  Soda  is  not 
reported. '  The  high  value  for  potash  is  evidently  due  to  the  defective 
methods  of  analysis.  It  seems  certain  that  the  soda  is  reported  as 
potash  and  probably  also  a  large  portion  of  the  magnesia  and  some 
of  the  silica,  except  in  those  results  obtained  by  the  chloroplatinate 
method.  As  there  is  no  way  of  differentiating  between  the  good  and 
bad,  all  the  results  for  potash  in  this  report  should  be  considered 
unreliable. 

KOCH  AND  SKOCK'S  METHOB. 

In  Cook's  report^  the  analyses  represent  the  material  as  it  came 
from  the  pit  and  were  made  by  Julius  Koch  and  John  C.  Smock. 
Although  the  methods  are  very  vaguely  described,  it  appears  that 
Koch  decomposed  the  marl  by  digestion  with  hydrochloric  acid, 
precipitated  the  iron  and  alumina  by  ammonia,  removed  the  calcium 
by  precipitation  as  calcium  oxalate,  separated  the  magnesium  as 
oxide  by  means  of  a  solution  of  barium  hydrate  and  acetate,  removed 
the  excess  of  barium  by  sulphuric  acid,  evaporated  thft  filtrate  to 
dryness,  and  finally  ignited  and  weighed  the  residual  potassium 
sulphate.  Smock  decomposed  the  marl  by  digestion  with  hydro- 
chloric acid,  precipitated  the  iron  and  alumina  by  ammonia,  and 
determined  the  potash  as  chloroplatinate  after  removing  the  am- 
monium salts  and  probably  also  the  calcium  and  magnesium. 

The  digestion  with  hydrochloric  acid  would  probably  decompose 
the  glauconite  completely  and  take  into  solution  the  potash  contained 
in  it,  but  would  not  attack  materially  the  feldspar  and  other  potash 
minerals  likely  to  be  present.  This  method  would  tend  to  give  low 
i-esults  for  total  potash  when  potash  minerals  other  than  glauconite 
were  present.  Unless  a  double  precipitation  was  made,  the  iron 
precipitate  would  hold  back  some  of  the  potash,  causing  low  results 
in  both  methods.     Koch  weighed  sodium  sulphate  and   probably 

^Cook,  G.  H.,  Geology  of  New  Jersey,  pp.  414rA10,  1868, 
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some  magnesium  sulphate  and  silica  with  the  potassium  sulphate, 
which  no  doubt  caused  high  results.  On  the  whole,  however,  the 
errors  tend  to  balance  each  other.  Smock,  who  used  the  chloro- 
platinate  method,  should  have  obtained  more  trustworthy  results. 

METHODS  USED  BY  THE  UNITED  STATES  GEOLOGICAL. 

SURVEY, 

FBOCEBXTBE. 

For  several  years  a  modified  chloroplatinate  method  for  the  deter- 
mination of  potash  has  been  used  by  the  Geological  Survey,  more 
especially  in  those  determinations  relating  to  the  search  for  potash.^ 
This  procedure  is  applicable  in  the  presence  of  sulphates,  the  alka- 
line-earth metals,  and  small  quantities  of  aluminum,  iron,  silica, 
and  other  substances.  A  further  modification  of  this  method  here 
described  is  applicable  in  the  presence  of  large  quantities  of  iron 
and  aluminum  and  has  been  adapted  especially  for  the  determina- 
tion of  potash  in  glauconite.  It  is  much  shorter  than  any  other 
known  method,  and  the  results  obtained  by  its  use  are  in  close  agree- 
ment with  those  obtained  by  the  J.  Lawrence  Smith  method.'  It 
was  adopted  after  many  preliminary  experiments. 

The  mineral  is  decomposed  by  hydrofluoric  and  sulphuric  acids, 
the  excess  of  acids  expelled  by  gentle  ignition,  and  the  residue  dis- 
solved in  dilute  hydrochloric  acid.  The  solution  thus  obtained  is 
evaporated  to  dryness  in  the  presence  of  a  slight  excess  of  chloro- 
platinic  acid.  The  residue  is  washed  with  95  per  cent  alcohol  con- 
taining 20  cubic  centimeters  of  concentrated  hydrochloric  acid  in  a 
liter  in  order  to  remove  the  excess  of  chloroplatinic  acid  and  soluble 
chloroplatinates.  It  is  then  washed  through  the  filter  with  hot 
water,  the  potassium  chloroplatinate  reduced  to  metallic  platinum 
by  means  of  magnesium,  and  the  platinum  weighed.  From  the 
weight  of  the  platinum  the  weight  of  potash  is  calculated. 

Weigh  out  a  half-gram  sample  of  the  mineral  which  has  been 
ground  to  pass  a  200-mesh  sieve,  place  in  a  small  platinum  dish  or 
a  large  platinum  crucible,  moisten  with  a  few  drops  of  water,  and 
add  about  10  cubic  centimeters  of  hydrofluoric  acid  and  the  equiva- 
lent of  about  half  a  cubic  centimeter  of  concentrated  sulphuric  acid. 
Hold  the  dish  with  the  tongs  and  heat  it  and  its  contents  cautiously 
over  the  free  flame  until  the  mineral  is  broken  up  and  apparently 
completely  decomposed,'  which  requires  only  a  very  few  minutes. 

^  Hicks,  W.  B.,  Jour.  Ind.  Eng.  Chemlstir*  vol.  6,  p.  650,  1018. 

*Ain.  Joar.  Scl.,  3d  ser.,  vol.  1,  p.  269,  1871 ;  Am.  ChemiHt,  vol.  1,  1871 ;  Annalen  der 
Cbemle  and  Phannacie.  vol.  159,  p.  82,  1872.  Hillebrand,  W.  F.,  U.  8.  Geol.  Survey  Bull. 
422,  p.  171,  1910  (reprinted,  1916). 
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The  dark  color  due  to  organic  matter  should  be  disregarded.  Evapo- 
rate the  solution  on  the  steam  bath  to  complete  dryness,  and  during 
this  operation  agitate  the  solution  occasionally  by  giving  the  dish  a 
gyratory  motion  with  the  tongs.  This  treatment  is  nearly  always 
sufficient  to  decompose  the  mineral,  but  if  decomposition  seems  in- 
complete add  more  hydrofluoric  acid  and  evaporate  a  second  time, 
agitating  the  mixture  frequently.  Heat  the  dish  and  its  contents  on 
a  radiator^  to  expel  the  excess  of  hydrofluoric  and  sulphuric  acids. 
Finally  ignite  gently  to  make  sure  of  the  complete  removal  of 
ammonium  salts  and  to  destroy  organic  matter.  This  operation  will 
also  expel  much  of  the  sulphuric  acid  combined  with  the  iron  and 
aluminum,  but  care  should  be  taken  not  to  heat  high  enough  to 
render  the  iron  and  aluminum  insoluble  in  hydrochloric  acid.  Cover 
the  residue  with  dilute  hydrochloric  acid,  which  must  be  free  from 
ammonium  salts,  and  digest  on  the  steam  bath  until  solution  is  com- 
plete, adding  more  water  and  acid  if  necessary.  Flakes  of  organic 
matter  and  a  few  grains  of  sand  which  remain  undissolved  may  be 
neglected,  but  large  amounts  of  undissolved  calcium  sulphate  should 
be  brought  into  solution. 

The  solution  of  the  completely  decomposed  mineral  is  now  filtered 
into  a  small  Jena  glass  or  porcelain  evaporating  dish,  chloroplatinic 
acid  slightly  in  excess  of  that  necessary  to  combine  with  all  the  potas- 
sium present  is  added,  and  the  solution  evaporated  on  the  steam  bath 
until  nearly  all  the  hydrochloric  acid  is  removed  and  the  mass  solidi- 
fies on  cooling.  Cover  the  residue  with  an  alcohol-acid  solution  pre- 
pared by  adding  20  cubic  centimeters  of  concentrated  hydrochloric 
acid  to  1  liter  of  95  per  cent  alcohol.  Chloroplatinic  acid  and  its 
soluble  salts  are  likely  to  be  occluded  in  the  ferric  sulphate  and  basic 
salts  formed  on  evaporation,  making  their  complete  removal  trouble- 
some. The  acid  in  the  alcohol  wash  liquid  tends  to  correct  this  diffi- 
culty by  destroying  the  basic  salts  and  changing  a  portion  of  the 
ferric  sulphate  into  chloride,  which  is  readily  soluble  in  alcohol.  If 
the  residue  is  amorphous  stir  up  the  mixture  gently  with  a  glass  rod 
made  into  a  pestle  and  allow  it  to  stand  until  it  becomes  crystalline, 
then  grind  up  the  residue  thoroughly  with  the  pestle  and  allow  it  to 
stand  a  half  hour,  or  until  it  becomes  quite  crystalline.  Decant  the 
solution  through  a  filter  paper.  Grind  the  residue  thoroughly  with 
the  pestle,  add  10  cubic  centimeters  of  the  alcohol-acid  wash  solution, 
stir  thoroughly,  allow  the  suspension  to  settle,  and  decant  the  solution 
through  the  paper.  Continue  the  washing  by  decantation,  using 
small  portions  of  the  alcohol-acid  solution  and  thoroughly  stirring  up 

1  Hlllebrand.  W.  F.,  U.  S.  Geol.  Survey  Bull.  422,  p.  81,  1910   (reprinted,  1916).     A 
large  porcelain  crucible  Berves  well  as  a  radiator  for  this  purpose. 
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the  residue  after  each  treatment,  until  the  excess  of  chloroplatinic 
acid  has  been  completely  removed,  but  be  careful  to  keep  the  quantity 
of  wash  liquid  around  75  cubic  centimeters. 

Dissolve  the  residue,  which  consists  of  potassium  chloroplatinate 
mixed  with  salts  of  iron,  aluminiun,  calcium,  sodium,  and  other 
metals,  in  hot  water,  and  wash  the  solution  through  the  filter  into  a 
convenient-sized  beaker.  Acidify  with  hydrochloric  acid,  heat  almost 
to  boiling,  and  reduce  the  chloroplatinate  to  platinum  by  stirring 
the  solution  with  a  wad  of  magnesium  ribbon  held  on  the  end  of  a 
glass  rod,  taking  care  to  keep  the  solution  slightly  acid.  About  1 
cubic  centimeter  of  concentrated  hydrochloric  acid  and  0.5  gram 
magnesium  should  be  added  for  each  0.2.  gram  of  potassium  present. 
After  the  complete  reduction  of  the  platinum  and  the  complete  solu- 
tion of  the  magnesium  allow  the  mixture  to  stand  on  the  hot  plate 
for  an  hour  or  so.  The  platinum  will  coagulate  on  the  bottom  of 
the  beaker,  and  the  solution  will  become  colorless  and  limpid  like 
water.  To  make  sure  of  complete  reduction  add  more  magnesiimi, 
when,  if  reduction  is  incomplete,  the  solution  will  darken.  Finally 
add  strong  hydrochloric  acid,  boil  the  solution,  filter  through  paper, 
and  wash  thoroughly  with  hot  water.  The  platinum  is  then  ignited 
in  a  small  porcelain  crucible,  cooled  in  a  desiccator,  and  weighed. 
The  weight  of  platinum  multiplied  by  0.4826  gives  the  weight  of 
potassium  as  the  oxide,  K,0. 

FBECATTTIONS  TO  BE  OBSEBVEB. 

Pure  glauconite  is  readily  brought  into  solution  by  hydrofluoric 
acid,  and  the  associated  minerals  are  usually  decomposed  with  little 
difficulty.  If  care  is  taken,  after  the  expulsion  of  the  excess  of  hydro- 
fluoric and  sulphuric  acids,  to  insure  complete  solution  in  hydro- 
chloric acid,  no  error  should  result  from  this  part  of  the  operation. 
The  resulting  solution,  which  contains  all  the  iron  and  aluminum  of 
the  mineral,  usually  leaves  a  gummy  residue  on  evaporation  with 
chloroplatinic  acid.  On  treatment  with  the  alcohol-acid  wash  liquid, 
the  residue  often  assumes  the  amorphous  or  noncrystalline  condition. 
In  this  event  the  mixture  should  be  set  aside  and  the  mass  allowed 
to  become  crystalline;  otherwise  the  washing  can  not  be  done  suc- 
cessfully. The  crystalline  residue  should  be  ground  finely  to  enable 
the  wash  liquid  to  get  at  any  inclosed  soluble  chloroplatinates,  and 
special  care  must  be  taken  to  insure  complete  washing  of  the  residue 
with  a  minimum  amount  of  the  alcohol-acid  wash  liquid.  Therein 
lies  one  of  the  chief  sources  of  error  in  the  method.  If  all  the  soluble 
chloroplatinates  are  not  removed  the  results,  of  course,  will  be  too 
high  and  this  error  may  be  considerable  unless  special  pains  are 
taken  to  grind  up  all  the  lumps  and  to  wash  thoroughly.    On  the 
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other  hand,  if  too  much  wash  liquid  is  used  the  results  are  likely 
to  be  too  low,  because  of  the  solubility  of  potassium  chloroplatinate 
in  alcohol  acidified  with  hydrochloric  acid.  This  error  is  not  likely 
to  be  large,  but  the  wash  liquid  should  be  kept  around  75  cubic 
centimeters 

The  solution  containing  the  potassium  chloroplatinate  mixed  with 
iron  and  other  salts,  which  was  obtained  by  washing  the  residue 
through  the  filter  with  hot  water,  should  be  kept  sufficiently  acid  to 
prevent  the  formation  of  basic  iron  salts  during  the  subsequent  reduc- 
tion of  the  platinum ;  otherwise  the  precipitate  may  be  contaminated 
with  iron.  As  a  further  precaution  the  solution  containing  the  pre- 
cipitated platinum  should  be  acidified  with  strong  hydrochloric  acid 
and  boiled  just  before  filtering.  Of  course,  the  platinum  must  be 
completely  reduced. 

SOLUBILITY    OF    POTASSIUM    CHLOROPLATINATE    IN 
ALCOHOL  ACIDIFIED  WITH  HYDROCHLORIC  ACID. 

An  approximate  determination  of  the  solubility  of  potassium 
chloroplatinate  in  alcohol  acidified  with  hydrochloric  acid  was  made 
in  order  to  determine  whether  or  not  such  a  solution  could  be  used 
as  a  wash  liquid  in  potash  determinations.  The  potassium  chloro- 
platinate was  prepared  by  adding  a  slight  excess  of  chloroplatinic 
acid  to  a  strong  solution  of  pure  potassium  chloride.  The  solution 
was  filtered  and  the  residue  was  washed  with  alcohol.  After  drying 
the  potassium  chloroplatinate  so  obtained  was  recrystallized  from 
water,  dried  at  130°  C,  and  preserved  for  use. 

The  solubility  determinations  were  made  by  taking  550  cubic 
centimeters  of  the  alcohol-acid  mixture  in  a  1-liter  glass-stoppered 
bottle,  to  which  about  4  grams  of  potassium  chloroplatinate  were 
added.  The  stopper  was  inserted  and  sealed  with  paraffin.  The 
bottle  was  then  placed  in  a  shaking  machine  and  shaken  violently 
end  over  end  for  7  to  14  hours.  The  undissolved  portion  was  allowed 
to  settle,  the  solution  was  filtered,  and  500  cubic  centimeters  of  the 
filtrate  were  evaporated  to  drjmess  on  the  water  bath.  The  residue 
was  dissolved  in  hot  water,  and  the  platinum  reduced  to  metal  with 
magnesium  and  finally  weighed.  The  acidity  was  determined  by 
titrating  10  cubic  centimeters  of  the  filtrate  with  tentli-normal 
sodium  hydroxide  solution,  using  phenolphthalein  as  indicator.  The 
approximate  strength  of  alcohol  was  calculated  from  the  quantity  of 
95  per  cent  alcohol  and  concentrated  hydrochloric  acid  used  in  each 
mixture.  The  temperature  at  which  the  determinations  were  made 
was  approximately  25°  C.  By  this  procedure  the  following  results 
for  the  solubility  of  potassium  chloroplatinate  in  alcohol  acidified 
with  hydrochloric  acid  were  obtained : 


METHODS  OF  ANALYSIS  OF  OOEENSAND. 


57 


8olMl>ility  of  potasHum  c?Uoroplaiinate  in  alcohol  acidified  with  hydrochloric 

acid. 


Time  of 
shaking 
Choors). 

Solution 
(cubic  cen- 
timeten). 

Platinum 
(gram). 

KjPtCl. 
(gram). 

Soltihflity. 

Helper 

litw 
(grams). 

Approxl- 

strength 

of  alcohol 

(percent 

by  volume). 

No. 

Gram  per 
hter. 

Solution 
dissolving 
1  gram  of 
KjPtCU 
(cubic  cen- 
timeters). 

1 
2 
3 

7 
14 
14 

jsno 

500 
500 

0.0078 
.0061 
.0152 

0.0194 
.0201 
.0379 

0.0388 
.0402 
.0758 

25,800 
24,880 
13,100 

6.82 

G.82 

13.40 

03 
93 
91.5 

The  first  two  determinations  recorded  in  the  table  are  duplicates 
except  for  the  time  of  shaking.  The  alcohol-acid  mixture  was  pre- 
pared by  adding  20  cubic  centimeters  of  concentrated  hydrcx^hloric 
acid  to  1  liter  of  95  per  cent  alcohol.  The  acidity  of  the  solution, 
which  was  determined  by  titration,  was  6.82  grams  of  hydrochloric 
acid  per  liter,  and  the  strength  of  the  alcohol  was  calculated  to  be 
approximately  93  per  cent.  The  mean  of  the  two  determinations 
gave  for  the  solubility  of  potassium  chloroplatinate  in  the  solution 
0.0395  gram  per  liter — ^that  is,  1  gram  of  potassium  chloroplatinate 
was  dissolved  by  25,340  cubic  centimeters  of  the  alcohol-acid  mixture. 
The  solubility  of  potassium  chloroplatinate  in  80  per  cent  alcohol, 
which  is  usually  recommended  for  washing,  is  about  1  gram  in  26,400 
cubic  centimeters  of  alcohol.^  The  solubilities  are  of  the  same  order 
and  the  difference  is  of  no  significance  in  the  determination  of  potash. 

The  third  determination  shows  that  the  solubility  increases  rapidly 
with  the  acidity.  Therefore  care  should  be  taken  not  to  use  a  wash 
liquid  containing  more  than  20  cubic  centimeters  of  hydrochloric  acid 
in  a  liter  of  95  per  cent  alcc^ol. 

COMPARISON  OF  RESULTS  BY  DIFFERENT  METHODS. 

Potash  was  determined  in  a  number  of  glauconite  samples  by  the 
hydrctf uoric  acid  method  described  by  Treadwell,*  as  the  procedure 
is  very  short.  The  method  was  abandoned,  however,  as  the  results 
were  soon  found  to  be  too  low.  The  values  actually  obtained  are 
given  in  the  table  below  for  the  purpose  of  comparison.  In  order 
to  check  results  and  to  give  experimental  proof  of  the  reliability  of 
the  new  method  which  has  been  developed  the  potash  in  a  number 
of  glauconite  samples  was  determined  by  the  J.  Lawrence  Smith 
method  and  by  the  new  method  described  on  page  53.  The  results  are 
presented  in  the  table  on  page  58. 

^Precht,  H.,  Zeltschr.  anal.  Chemie,  Jahrg.  18,  p.  518,  1879. 

*TreadweU,  F.  P.,  Analytical  chemistry,  vol.  2,  p.  897,  New  XorH,  Jpbn  Wiley  &  SonSr 
1909. 
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Percentage  of  potash  in  glauconite  determined  by  different  methods. 


No. 

J.Law- 
rence 
Smith 

method.' 

New 
method. 

Hydro- 
fluoric 
acid 
method.b 

No. 

J.  Law- 
rence 
Smith 

method.' 

New 
method. 

Hydro- 
fluoric 
acid 
method> 

1 

3.62 

4.46 
4.48 

4.48 
4.70 

7.08 

7.18 
7.20 

3.54 
3.53 

4.30 
4.54 

4.46 
4.40 

4.78 
4.74 

6.08 

7.00 
7,10 
7.24 
7.16 

11 

7.13 
6.45 

ZIO 

2.50 
£2.56 

1.45 
eL50 

eL31 

7.12 
6.99 

7.06 
7.06 

6.36 
6.38 

Z07 

2.41 

2.27 

£2.35 

L52 

L35 

CL35 

el.20 

7.04 
7.06 

6.22 

12 

2 

5.e6 

40 

8 

41 

8 

42 

9 

6.26 
6.01 

44 

10 

Xd 

6.64 

a  HlUebrand,  W.  F.,  The  analysis  of  silicate  and  carbonate  rocks:  U.  S.  Geol.  Survey  Bull.  422, 
p.  171, 1910  (reprinted,  1916). 
b  Treadwell,  F.  P.,  Analytical  chemistry,  vol.  2,  p.  397, 1900. 
e  Determinations  by  R.  K.  Bailey. 
d  Practically  pure  glauconite  grains  separated  from  sample  36  by  an  electromagnet. 

By  reference  to  the  table  it  will  be  observed  that  the  results  by 
the  hydrofluoric  acid  method  are  considerably  lower  than  those  by 
the  other  two  methods.  In  the  hydrofluoric  acid  method  the  sulphate, 
iron,  aluminum,  calcium,  and  other  substances  were  precipitated  and 
removed  in  one  operation.  The  precipitate,  no  doubt,  retains  consid- 
erable potash,  which  is  exceedingly  difficult  to  remove  by  washing. 
This  explains  the  low  results.  The  data  show  that  this  method  is 
not  satisfactory  when  the  precipitate  is  large,  especially  if  consider- 
able potash  is  present. 

It  will  be  observed  also  that  nearly  all  the  results  by  the  other 
two  methods  agree  very  closely.  No.  41  shows  the  widest  variation. 
In  general  the  results  by  the  new  method  are  a  little  lower  than 
those  by  the  J.  Lawrence  Smith  method,  and  the  variations  among 
themselves  are  more  pronounced.  Although  the  new  method  requires 
care  and  experience  in  manipulation  and  gives  little  lower  and  slightly 
more  discordant  results  than  the  J.  Lawrence  Smith  method,  it  is 
believed  to  be  accurate  enough  for  commercial  work,  and  probably 
for  all  purposes  except  where  extreme  accuracy  is  desired.  The  pro- 
cedure is  much  shorter  than  any  other  known  method  for  determin- 
ing potash  in  silicate  rocks,  and  admits  of  carrying  out  several  analy- 
ses simultaneously. 

Practically  all  the  determinations  presented  in  this  report  have 
been  carried  out  in  duplicate  by  the  new  method,  and  it  is  believed 
that  the  results  ^re  yer^  nearly  correct,  the  maximum  deviation  being 
^.bout  0.2  per  e<entr 


MANGANESE  DEPOSITS  OF  THE  CADDO  GAP  AND  DE 
QUEEN  QUADRANGLES,  ARKANSAS. 


By  Hugh  D.  Miseb. 


INTRODUCTION. 


The  high  prices  that  are  being  offered  for  manganese  ores  have 
stimulated  interest  in  the  little-exploited  manganese  deposits  of  west- 
central  Arkansas.   These  deposits  are  found  at  intervals  in  a  belt  4  to 
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FioUBE  2. — Index  map  showing  location  of  norUiem  or  mountainous  parts  of 
the  Caddo  Gap  and  De  Queen  quadrangles,  Arkansas  and  Oklahoma. 

12  miles  wide,  extending  west-southwestward  from  Pulaski  County, 
at  the  center  of  the  State,  to  Polk  County,  on  the  west  border.  Recent 
exploitation,  begun  in  1915  and  still  in  progress,  is  confined  almost 
entirely  to  the  mountainous  districts  in  the  northern  parts  of  the 
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Caddo  Gap  and  De  Qneen  quadrangles,  in  western  Arkansaa  The 
location  of  the  mountainous  districts  of  these  quadrangles  is  shown 
in  figure  2.  Aside  from  their  economic  features,  these  deposits  are  of 
scientific  interest,  as  they  occur  mainly  at  two  definite  horizons  in 
the  Arkansas  novaculite,  which  is  closely  folded. 

Below  is  given  a  list  of  papers  treating  of  the  manganese  deposits 
of  west-central  Arkansas  and  the  adjoining  part  of  Oklahoma  and 
some  of  the  more  important  papers  on  the  geology  of  the  region : 

Owen,  D.  D.,  Second  report  of  a  geological  reconnaissance  of  the  middle  and 
southern  counties  of  Arknnsafi,  1860. 

The  region  containing  the  manganese  deposits  is  described,  but  the  exist- 
ence of  the  deposits  is  not  mentioned.  The  analyses  given,  liowever,  show 
manganese  in  the  soils  and  in  some  of  the  spring  waters.  An  analysis  of 
manganese  ore  from  BatesviUe,  in  northern  Arkansas,  is  given. 

Anon.,  Age  of  steel,  vol.  S2,  p.  9,  St  Louis,  Mo.,  SeptemlK»r  3,  1887. 

Contains  an  article  on  the  manganese  deposits  of  I^olk  County,  together 
with  analyses  and  a  general  description  of  the  regicm. 

Weeks,  J.  D.,  Manganese:  U.  S.  Geol.  Survey  Mineral  Resources,  1886-1882. 

Short  notices  of  the  manganese  ores  of  southwestern  Arkansas,  with  sev- 
eral analyses. 

Comstock,  T.  B.,  Report  upon  the  geolog>-  of  westom<'entral  Arkansas,  with 
especial  reference  to  gold  and  silver :  ArkannMis  Geol.  Survey  Ann.  Rept  for 
1888,  vol.  1,  1888. 

Some  manganese  deposits  are  described  and  a  number  of  analyses  are 
given,  but  the  principal  purpose  of  the  report  was  to  pres<»nt  the  results  of 
an  investigation  of  reported  occurrences  of  gold  and  sliver  that  had  Just 
caused  considerable  excitement  in  western  Arkansas. 

Penrose,  R.  A,  F.,  Jr.,  Manganese — its  uses,  ores,  and  deposits:  Arkansas  Geol. 
Surrey  Ann.  Rept.  for  1890,  vol.  1,  1891. 

Describes  every  known  manganese  region  in  North  America.  The  report 
was  prepared  upon  the  general  plan  of  discussing  the  uses  of  manganese, 
together  with  the  history  and  statistics  of  the  niangaiioso  industry',  the 
ores  of  manganese,  and  the  nature  of  the  manganese  deix)sits.  The  de- 
posits of  west-central  Arkansas  are  describe<l  at  length. 

Griswold,  L.  S.,  Whetstones  and  the  novaculltes  of  Arkansas:  Arkansas  Geol. 
Survey  Ann.  Rept.  for  1890,  vol.  3.  1892. 

The  economic  value,  character,  and  origin  of  tli(»  novaculite  are  fully 
and  ably  treated ;  and  the  topography  and  geologj*  of  the  novaculite  area 
are  described  in  detail  and  are  represented  on  two  colorefl  maps.  Al- 
though the  manganese  deposits  are  not  described,  the  distribution  and 
structure  of  the  novaculite  are  shown  on  the  two  maps  and  are  treated  in 
the  text.  There  are,  however,  three  brief  references  to  the  manganese  de- 
posits, including  a  summary  after  Penrose. 

Gurley,  R.  R.,  Geological  age  of  the  graptolite  shales  of  Arkansas:  Arkansas 
Geol.  Survey  Ann  Rept.  for  1890,  vol.  3.  pp.  401-423,  1892. 

The  first  fossils  found  in  the  novaculite  area  are  described  and  their 
age  indications  are  discussed. 

Ashley,  G.  H.,  GJeology  of  the  Paleozoic  area  of  Arkansas  south  of  the  novacu- 
lite region :  Am.  Philos.  Soc.  Proc.,  vol.  36,  p.  309,  1897. 
MeitiODS  small  quantities  of  manganese  ore  in  region  described. 
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Purdue,  A.  H.,  The  slates  of  Arkansas,  Arkansas  Geol.  Survey,  1909. 

The  chapter  on  the  geology  of  the  slate  area,  which  is  partly  in  the 
Caddo  Gap  and  De  Queen  quadrangles,  describes  for  the  first  time  the 
different  rock  formations  to  which  names  are  applied.  The  distribjation 
and  structure  of  these  formations  In  the  mountainous  iK>rtlon  of  the 
Caddo  Gap  quadrangle  are  shown  on  a  carefully  prepared,  map.  No  men- 
tion is  made  of  the  manganese  deposits,  but  the  map  especially  is  of  value 
to  prospectors,  for  it  shows  the  structure  and  distribution  of  the  Arkansas 
novaculite,  in  which  the  deposits  are  found. 

Harder,  E.  C,  Manganese  deposits  of  the  United  States,  with  sections  on  for- 
eign deposits,  chemistry,  and  uses:  U.  S.  Geol.  Survey  Bull.  427,  pp. 
119-122,   1910. 

This  report  contains  a  good  brief  description  of  the  manganese  deposits 
of  west-central  Arkansas.  The  description  given  is  a  summary  after 
Penrose. 

Hewett,  D.  F.,  Manganese  and  manganlferous  ores:  U.  S.  Geol.  Survey  Min- 
eral Resources,  1912,  pt.  1,  p.  219,  1913. 

A  number  of  manganese  deposits  in  southeastern  Oklahoma,  adjoining 
the  Arkansas  region,  are  briefly  described. 

Joslin,  G.  A,  Manganese  in  west-central  Arkansas:  Min.  and  Sci.  Press,  vol. 
113,  pp.  947-948,  Dec.  30,  1916. 

Describes  briefly  the  manganese  ores,  methods  of  prospecting,  and  min- 
ing conditions. 

No  detailed  report  as  a  result  of  an  examination  of  the  man- 
ganese deposits  of  west-central  Arkansas  has  appeared  since  the 
publication  of  Penrose's  report  in  1891.  In  the  last  quarter  of  a 
century  knowledge  of  the  geology  of  the  region  has  been  greatly 
increased,  many  new  openings  have  been  made,  and  some  of  the 
old  ones  have  been  reopened. 

Practically  all  of  the  recently  developed  deposits  were  examined 
by  the  writer  in  the  spring  and  summer  of  1916,  during  the  course 
of  the  field  work  for  the  De  Queen-Caddo  Gap  folio,  now  being 
prepared  by  A.  H.  Purdue  and  him.  No  attempt  was  made  to  exam- 
ine the  undeveloped  deposits.  The  region  was  visited  at  a  favor- 
able time,  for  the  deposits  were  being  prospected  then  and  all  the 
workings  could  be  entered.  The  results  of  explorations  that  have 
been  carried  on  since  then  will  probably  not  materially  affect  the 
conclusions  presented  in  this  report.  Penrose's  report  has  been 
freely  drawn  upon  for  the  description  of  such  deposits  as  were  not 
examined  by  the  writer.  The  location  of  the  deposits  described  by 
Penrose,  as  well  as  of  those  visited  during  the  field  work  for  this 
report,  is  shown  on  Plate  III. 

The  information  dealing  with  the  general  geology  is  the  result 
of  detailed  field  studies  in  the  Caddo  Gap,  De  Queen,  and  Hot 
Springs  and  vicinity  quadrangles  by  A.  H.  Purdue,  assisted  by  the 
witer  and  R.  D.  Mesler,  in  1907;  by  Mr.  Purdue,  assisted  by  the 
writer,  during  the  years  1908  to  1911 ;  by  the  writer,  assisted  by  Mr. 
Mesler,  in  1912;  and  by  the  writer  in  1913,  1914,  and  1916.    The 
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field  work  in  1907  was  done  in  cooperation  with  the  Geological 
Survey  of  Arkansas, 

The  writer  is  under  obligations  to  the  people  living  within  the 
area  herein  described  and  to  the  officials  of  the  different  mining 
companies  for  their  uniformly  courteous  treatment.  Among  those 
to  whom  special  acknowledgments  are  due  for  information  are 
Messrs.  S.  A.  Hanna  and  D.  M.  Nicholson,  of  Caddo  Gap;  Will 
Whisenhimt,  of  Shady;  R.  Lowery,  W.  E.  Rainwater,  and  S.  W. 
Sherrod,  of  Albert;  H.  L.  Watkins  and  W.  R.  Sossamon,  of  Glen- 
wood;  Chester  Stevens,  of  Hot  Springs;  C.  L.  French,  consulting 
engineer  for  Edgar  &  Co. ;  N.  H.  Ohnsorg,  manager  of  mines  of  the 
Mississippi  Valley  Iron  Co.;  G.  A.  Joslin,  mining  engineer  for 
Dierks  Lumber  &  Coal  Co.;  George  Hammond,  of  Wickes;  Robert 
Porter  and  W.  R.  Porter,  of  Fancy  Hill ;  and  Dallas  HoUifield  and 
M.  A.  Janes,  of  Hopper. 

HISTORY. 

The  manganese  deposits  in  west-central  Arkansas  have  been 
worked  only  in  a  very  small  way,  and  up  to  the  time  of  the  com- 
pletion  of  the  present  examination  (Aug.  13,  1916)  have  yielded 
less  than  200  tons  of  marketed  ore.  Most  of  the  work  has  been  done 
during  two  periods  of  activity,  one  beginning  about  1885  and  ending 
in  1889,  and  the  other  beginning  in  1915  and  still  in  progress.  The 
earlier  period  occurred  in  the  midst  of  the  excitement  over  gold 
and  silver  that  raged  for  a  few  years  in  west-central  Arkansas, 
especially  in  Garland  and  Montgomery  counties.  The  history  of 
the  exploitation  of  the  manganese  deposits  at  that  time  is  simti- 
marized  as  follows  by  Penrose :  * 

A  great  many  places  have  been  prospected,  but  the  only  considerable  amount 
of  work  that  has  been  done  is  on  the  land  of  the  Arkansas  Development  Co.  In 
Polk  County,  on  the  Brushy  Creek  branch  of  the  Cossatot  River.  This  com- 
pany worked  during  the  year  1888  and  continued  until  April,  1889,  when  opera- 
tions were  suspended.  A  shaft  was  sunk  to  a  depth  of  142  feet,  and  a  tunnel 
about  500  feet  long  was  run  in  the  side  of  a  mountain.  Many  prospect  open- 
ings were  also  made  in  the  surrounding  country  from  the  headwaters  of  the 
Cossatot  to  those  of  the  Saline  River.  About  20  tons  of  ore  are  said  to  have 
been  taken  out  of  the  shaft  on  Brushy  Creek,  an<l  this  represented  practlcaUy 
all  the  manganese  that  was  mined  by  this  company. 

About  the  same  time  the  Capitol  Land  &  Mining  Co.  carried  on  operations 
in  Pulaski  County,  12  miles  west  of  IJttle  Rock,  in  what  is  calle<l  the  Fletcher 
Range.  A  few  small  prospect  pits  and  tunnels  were  made,  but  no  ore  was 
shipped,  and  work  has  been  discontinued. 

The  only  shipments  of  manganese  ore  known  to  have  been  made  from  the 
whole  region  were  a  few  tons  of  the  ore  mined  by  the  Arkansas  Development 
Co.,  and  4  tons  from  a  small  pit  on  the  Burns  claim  on  North  Mountain  near 
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the  headwaters  of  the  Little  Missouri  River.  A  sample  of  500  pounds  was 
also  shipped  by  Mr.  Webb  Thornton  from  his  claim  on  Leader  Mountain,  some 
5  miles  south  of  North  Mountain. 

Besides  the  above-mentioned  localities,  many  small  prospect  pits  have  been 
made  throughout  the  mountains  wherever  manganese  crops  out,  but  no  ore 
has  been  shipped  from  them.  Most  of  them  have  been  made  by  the  Arkansas 
Development  Ck).  and  by  Mr.  Bums. 

The  present  mining  operations  are  confined  almost  entirely  to  the 
mountainous  districts  in  the  northern  parts  of  the  Caddo  Gap  and 
De  Queen  quadrangles.  The  first  work  was  done  in  August,  1915, 
by  Chester  Stevens,  who  mined  and  shipped  58  long  tons  of  ore 
carrying  48.5  per  cent  of  manganese  from  the  Nelson  mine,  an  open 
cut  on  Nelson  Mountain  5  miles  north  of  Glenwood,  and  25  tons  of 
ore  from  Pigeon  Roost  Mountain,  IJ  miles  from  McKIinley  Crossing 
on  the  Memphis,  Dallas  &  Gulf  Railroad.  Pigeon  Roost  Mountain 
is  just  east  of  the  Caddo  Gap  quadrangle.  Very  little  other  work 
was  done  during  1915. 

In  March  and  April,  1916,  F.  P.  Fay  and  Mr.  Stevens  prospected 
14  lode-mining  claims  lying  end  to  end  along  the  crest  of  Leader 
Mountain,  in  the  southeast  comer  of  Polk  Coimty  and  the  southwest 
comer  of  Montgomery  County.  These  claims  were  later  transferred 
to  the  firm  known  as  Edgar  &  Co.,  of  which  Messrs.  Fay  and  Stevens 
became  members. 

In  May,  1916,  Edgar  &  Co.  established  a  mining  camp  on  Little 
Missouri  River  in  sec.  16,  T.  4  S.,  R.  27  W.,  in  Montgomery  County 
and  began  prospecting  in  the  vicinity.  At  the  time  of  the  writer's 
examination  (July  and  August,  1916)  the  company  had  completed 
or  partly  completed  five  tunnels,  and  had  made  a  number  of  shallow 
pits  and  cuts  near  the  camp.  It  was  also  doing  work  in  Pike  County 
and  was  beginning  work  a  few  miles  east  of  Caddo  Gap,  in  Mont- 
gomery County. 

In  the  spring  of  1916  the  Dierks  Liunber  &  Coal  Co.  did  a  little 
work  on  a  manganese  deposit  near  the  camp  of  Edgar  &  Co.,  buib 
no  ore  was  shipped. 

In  May,  1916,  the  Mississippi  Valley  Iron  Co.  began  work  on  He 
Mountain  and  Coon  Creek,  in  the  southeast  corner  of  Polk  County. 
It  has  also  done  some  work  on  Risner,  Hogpen,  and  Redland  moun- 
tains, near  Langley,  in  the  northwest  corner  of  Pike  County.  The 
Still  mine,  on  the  southwest  slope  of  Hogpen  Mountain,  had  yielded 
37  long  tons  of  manganese  ore  at  the  time  it  was  visited.  This  ore 
was  hauled  by  wagons  20  miles  to  Glenwood,  and  thence  shipped  to 
the  company's  furnaces  at  St.  Louis  for  testing.  This  company  has 
also  done  some  prospecting  on  Bear  and  Brushy  mountains,  9  miles 
west  of  Glenwood.  A  letter  from  the  company  dated  December  6, 
1916,  states  that  it  had  ceased  operations  at  least  temporarily. 
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The  activity  of  these  individuals  and  companies  has  aroused  m 
interest  among  the  farmers  and  other  people  of  this  region,  and 
of  them  had  prospected  and  were  still  prospecting  their  land 
numerous  mining  claims  in  August,  1916. 

GEOGRAPHY. 

The  manganese-bearing  region  under  discussion  embraces 
of  Montgomery,  Polk,  Pike,  and  Howard  counties  in  w 
Arkansas  and  a  narrow  strip  of  McCurtain  County  in  southi 
Oklahoma.     (See  PI.  III.)     It  consists  of  two  parts,  in  each 
which  the  manganese  deposits  are  confined  to  mountainous  distridiii 
The  larger  of  the  two  parts  is  a  belt  4  to  9  miles  wide,  extending 
westward  across  the  northern  part  of  the  Caddo  Gap  quadra 
and  into  the  northeast  comer  of  the  De  Queen  quadrangle.    Iti 
eludes  much  of  the  manganese-bearing  belt  described  by  PeimM|» 
The  other  part,  which  is  much  smaller,  is  a  belt  1  to  7  miles 
extending  from  the  west  side  of  the  De  Queen  quadrangle  eastwmrl 
halfway  across  the  quadrangle.    It  is  the  east  end  of  a  mountainooi 
area  in  the  north-central  part  of  McCurtain  County,  Okla., 
contains  manganese  deposits,  some  of  which  are  described  in  a  foitll^ 
coming  report  by  D.  F.  Hewett. 

These  mountainous  districts  are  a  part  of  the  extensive  system 
ridges  known  as  the  Ouachita  Mountains.  In  the  area  under  di»>  f - 
cussion  they  are  composed  of  groups  of  high  ridges  separated  cm  ^bib\^ 
south  from  the  Coastal  Plain  by  a  dissected  piedmont  plateau,  hi|^$, 
est  at  the  north,  which  stands  750  to  1,100  feet  above  sea  level.  Th§  ^^■ 
ridges  are  high,  narrow,  and  nearly  parallel  and  trend  in  general  t 
east  and  south  of  east.  They  are  separated  by  valleys  of  similar;. 
magnitude,  which  in  most  places  extend  parallel  with  the  ridgitt^^;- 
but  in  others  cut  throup;h  them  in  gorgelike  water  gaps.  The  ridgitt^^j 
have  steep,  rugged  slopes  and  sharp,  even  crests,  a  few  hundred  feetl. 
above  which  rise  a  great  many  peaks,  and  they  commonly  rangi  ^ 
from  500  to  1,000  feet  above  the  adjoining  valleys  and  the  piedmool 
plateau.  Most  of  the  ridges  range  from  1.500  to  2,000  feet  abovt|! 
sea  level,  but  several  are  higher.  Raspberry  Peak,  the  highest  poin^i 
rises  to  an  altitude  of  2,360  feet.  Other  prominent  peaks  are  Tali 
Peak,  East  Ilanna  Mountain,  West  Hanna  Mountain,  Eagle  Moaa^ 
tain,  High  Point,  and  'Whisky  Peak,  in  the  De  Queen  quadranj^; 
and  Brushheap,  Hogpen,  Hightop.  Tweedle,  Wilson,  and  Stra 
mountains,  in  the  Caddo  Gap  quadrangle. 

The  mountains  are  very  rough,  the  slopes  are  steep,  and 
ledges  are  numerous.    There  are,  however,  no  large  surfaces  of 
rock  except  along  the  crests  of  some  of  the  higher  ridges  and  in 
water  gaps,  and  cliffs  are  not  very  numerous.    The  slopes,  wl 
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not  occupied  by  bare  ledges,  are  covered  by  talus,  much  of  which 
is  boulder& 

The  principal  streams  are  Caddo,  Little  Missouri,  Saline,  and 
Cossatot  rivers,  all  of  which  rise  in  the  mountains  in  the  area  under 
discussioli  and  flow  southward  or  southeastward  beyond  its  borders, 
the  first  two  entering  Ouachita  River  and  the  last  two  Little  Eiver. 

Except  for  small  tracts  that  have  been  cleared  and  put  imder 
cultivation,  the  region  is  densely  forested,  and  much  of  it  is 
included  in  the  Arkansas  National  Forest.  Public  and  secondary 
roads  reach  all  parts  of  the  area,  but  only  a  few  of  them  are  main- 
tained in  good  condition.  They  keep  to  the  valleys  in  the  moun- 
tainous districts  and  cross  the  mountains  only  through  water  gaps 
and  saddles.  Some  of  the  roughest  portions  of  the  area  are  reached 
by  means  of  trails,  many  of  which  have  been  constructed  by  the 
Forest  Service. 

The  Kansas  City  Southern  Railway  traverses  the  west  end  of 
the  region  herein  described  from  north  to  south,  and  a  branch  of  the 
St.  Louis,  Iron  Mountain  &  Southern  Railway  penetrates  its  east 
end,  passing  through  Rosboro,  Glenwood,  and  Caddo  Gap  and  ter- 
minating at  Womble.  The  Caddo  &  Choctaw  Railroad  extends 
from  Rosboro  westward  to  Cooper  Junction,  a  distance  of  14  miles. 
From  Cooper  Junction  a  logging  spur  of  the  Caddo  River  Lumber 
Co.  penetrates  as  far  as  a  point  on  Little  Missouri  River  2  or  3 
miles  south  of  Langley,  and  an  extension  of  this  spur  to  a  point 
within  1^  miles  of  the  Still  mine  was  being  planned  at  the  time  of 
the  writer's  examination.  The  Memphis,  Dallas  &  Gulf  Railroad 
passes  through  Glenwood,  but  from  that  place  southeastward  as 
far  as  Shawmut  its  trains  run  over  the  track  of  the  St.  Louis,  Iron 
Mountain  &  Southern  Railway.  Some  of  the  mines  and  prospects, 
whose  location  is  also  shown  on  Plate  III,  are  near  railroads,  but 
many  are  as  far  as  25  to  30  miles  away. 

GEOLOGY. 
STBATIGRAPHY.  ' 

GENERAL  FEATURES. 

The  geologic  formations  in  the  region  here  described  are  Paleozoic, 
ranging  from  Cambrian  to  Carboniferous.  The  Arkansas  novaculite 
contains  the  manganese  deposits  and  is  the  most  conspicuous  forma- 
tion in  the  region.  It  is  thus  the  only  formation  whose  detailed 
description  need  be  given  in  this  report. 

The  succession  of  formations,  together  with  the  principal  features 
of  their  lithology,  is  outlined  in  the  following  table : 
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Generalized  section  of  the  Paleozoic  rocks  of  the  Caddo  Qap  and  De  Queen 

quadrangles^  Arkansas  and  Oklahoma. 


Bystflm. 

Formation. 

Thickness 
(feet). 

Character. 

Atoka  formation. 

6,000+ 

Hard  mlcaoeoos  ripple-marked  li^t-aay 
to  greenish-gray  sandstone  interbedaea 
with  equal  amount  of  sandy  micaceous 
black  day  shale. 

Carbonifercus. 

Jackfork  sandstone. 

• 

5,000-6,600 

Massive  compact  fine-grained  to  coarse- 
grained light-gray  sandstone  with  some 
millstone  grit,  espedallv  in  the  basal  part. 
Indeterminable  mverteDrate  fossils  found 
in  millstone  grit  at  base.  Oreen  fissile 
dav  shale  constitutes  a  very  small  part 
of  lormatian.  Exposed  in  low  pine-clad 
ridges. 

Stanley  shale. 

i 

6,000 

Bluish-black  and  black  fissile  day  shale  and 
iine-erained  compact  neenlsh-gray  or 
biuLsh-gray  sandstone.  Beds  of  novacu- 
Ute  conglomerate  at  and  near  base.  Beds 
of  graywackenear  base  in  western  part  of 
De  Queen  quadrangle.  Some  shale  at 
base  has  in  places  been  altered  to  slate,  to 
which  the  name  "  Fork  Mountain  slate  " 
has  been  earlier  applied.   Upper  part  of 

'  formation  has  3rielaed  a  single  coO^ction 
of  plants,  including  some  ferns.  Quarts 
veins  contain  lead,  sine,  and  antimony 
minerals  in  De  Queen  quadrangle. 

Devonian  (7). 

Arkansas  novaculite. 

250-050 

Consists  of  three  llthologic  divisions— a 
lower  one.  made  up  almost  entirely  of 
massive  white  novaculite,  at  whose  top  is 
one  of  the  two  manganese  horizons;  a 
middle  one,  canslstlng  mainly  of  thin  lay- 
ers of  dense  dark-cdored  novaculite  inter- 
bedded  with  shale  and  having  a  conglom- 
erate of  local  distribution  at  the  base;  and 

Devonian. 

an  upper  one,  consisting  chiefly  of  mas- 
sive', mehly  oaloareous  novaculite,  which 
also  yidds  manganese.  The  lower  divi- 
sion Js  of  lower  Ortskany  (Lower  De- 
vonian) age,  and  the  middle  and  upper 
dlvisians  are  tentatively  assigned  to  the 
Upper  Devonian.  These  correlations  are 
more  fully  discussed  on  pages  70-71. 

Missouri  Mountain 
slate. 

-Unponfonnit  y  7 

50-300 

Red  and  green  day  slate.  No  fossils  have 
been  found,  and  the  assignment  to  the 
Silurian  system  is  therefore  based  on  its 
Hthologic  character  and  stratigraphic  re- 
lations. 

Biluriao. 

• 

Dlaylock  sandstone. 
LxJnconfoniLity? 

0-1.500 

Fine-grained  light-gray  to  dark-gray  or 
green  compact  hard  sandstone  and  bulT 
to  dark  shale.  A  collection  oontalnine 
seven  spedes  of  graptolites  was  obtained 
at  the  south  base  of  Blaylock  Mountam. 
These  spedes,  as  pointed  out  by  E.  O. 
Uhrlch,  are  not  comparable  to  any  de- 
scribea  from  America  but  have  all  been 
described  from  the  Birkhill  shales  of  Soot- 
land,  which  are  in  Britain  considered  the 
base  of  the  Silurian  system.  He  thus 
assigns  the  Blaylock  to  the  Silurian  sys- 
tem. 
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Oeneraiiged  seciUm  of  the  Paleozoic  rooks  of  the  Caddo  Gap  and  De  Queen 

quadrangles,  Arkansas  and  Oklahoma — Continued. 


System. 


Ordovjclflo* 


FormatJon. 


Polk  Creek  shale. 


Blgftark  ehert. 


Womble  shale. 


E  lakely  sa&dstone. 


Thickness 
(feet). 


0-176 


700 


1,000 


(MOO 


Character. 


Black  graphitic  shale;  in  parts  sllioeous  and 
in  others  clay  shale.  GxaptoUtes  are 
abundant. 


Thin-bedded  sray  to  black  much  shattered 
chert  interbedded  with  thin  lavers  of 
black  shale.  FossHs  consist  mainly  of 
graptolltes. 


The  Womble  shale  receives  Its  name  from 
the  town  of  Womble,  part  of  which  is  on 
the  base  of  this  shale.  Much  of  the  shale 
to  which  this  name  is  now  applied 
was  in  1909  renrded  by  Purdue  a  as 
a  part  of  his  '^Ouachita  shale/'  which 
as  defined  comprised  the  rocks  be- 
tween the  Crystal  Homitain  sandstone 
below  and  the  so-called  Stringtown  shale 
above.  A  sandstone,  now  called  the 
Blakely  sandstone,  that  was  in  1909a  ro- 
rarded  as  the  upper  part  of  the  Crystal 
Mountain  sandstone,  nas  sinoe  been  de- 
termined by  Purdue  and  the  writer  to 
occur  in  the  middle  of  the  "Ouachita 
shale."  The  use  of  the  name  Btringtown 
has.  been  discontinued  in  this  area  because 
the  beds  to  which  it  was  applied  do  not 
form  a  mappable  unit  distinct  from  the 
rest  of  the  shale  above  the  Blakely  sand- 
stone;  because  the  graptolltes  supposed 
to  be  characteristic  of  it  have  apparently 
been  found  well  down  in  the  underlying 
shale:  and  because,  according  to  E.  O. 
UHch,  the  limits  and  character  of  the 
Btringiown  shale  at  the  type  locality  in 
Oklahoma  are  in  doubt,  with  Jthe  recog- 
nition of  the  Blakely  sandstone  as  a  dis- 
tinct formation  and  the  foilure  to  separate 
the  Btringtown  it  became  necessary  to 
give  a  new  name  (Womble  shale)  to  the 
whole  interval  between  the  Blakely  sand- 
stone and  the  Bigfork  chert.  The  name 
"Ouachita  shale"  is  abandoned  because 
its  limits  are  not  the  same  as  those  of  any 
one  of  the  units  now  mapped,  and  because 
Ouadilta  has  the  same  pronunciation  as 
Washita,  the  well-established  name  of 
the  upper  group  of  the  Comandie  series. 
The  formation  consists  of  black  graphitio 
shale  with  thin  beds  of  sandstone  near  the 
base  and  beds  of  limestone  near  the  top. 
The  shale  near  the  base  is  composed  of 
black  and  green  layers  that  sput  at  an 
anele  with  the  bedding  and  thus  show 
ribDoned  cleavage  sur&Mes.  Graptolltes 
of  Lower  Ordovldan  age  are  numerous. 


The  Blakelv  sandstone  takes  its  name  from 
Blakely  Mountain,  in  Garland  County, 
Ark.,  from  which  it  is  continuously  ex- 
posed as  f^  west  as  Womble,  where  it 
thins  out,  thus  permitting  the  Womble 
and  Uazam  shales  to  come  together  west 
of  that  town.  It  consists  of  shale  in  alter- 
nating black  and  jereen  layers  and  hard 
gray  sandstone.  The  shale  constitutes 
76  per  cent  of  the  whole,  but  the  sand- 
stone, which  produces  ridges,  is  the  prom- 
inent feature.  GraptoUtes  of  Lower  Or- 
dovidan  age  found  only  in  Blakely 
Mountain. 


Oeol.  Surrey 


.  A.H.,  The  slates  of  Arkansas,  Dp.  30, 33-35:  Arkansas  Ged.  Survey,  1909;  (abstract)  U.  8. 
Ball.  4»,  pp.  321-326, 1910;  (abstriMBt)  U.  S.  Q90I  Surrey  Prof.  Paper  71,  pp.  160-162,  iQia. 
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Oeneralized  section  of  the  Paleozoic  rocks  of  the  Caddo  Qap  and  De  Queen 
quadrangles^  Arkansas  and  Oklahoma— ContXnxk&di. 


System. 

• — 

Formation. 

Thickness 

(feet). 

Character. 

Ordovidan— Con. 

Maxam  shale. 

1,000 

The  Maiam  shale  takes  its  name  from 
Maiam  Creek,  whose  headwaters  are  in 
the  northeast  comer  of  the  Caddo  Gap 
quadrangle.  The  name  is  applied  to  the 
part  of  the  "  Ouachita  sliale  ^  lying  below 

consists  of  shale  and  of  small  amounts  of 
limestone  and  sandstone.  The  shale  is 
ribboned,  consisting  of  alternating  black 
and  green  layers  that  split  at  an  angle 
with  the  bedding.  OraptoUtes  of  Lower 
Ordovidan  age  have.been  found. 

Oidovidan  (7). 

Crystal  Mountain 
sandstone. 

Uncm  fonnitT 

860 

Coarse-grained  massive  gray  to  brown  sand- 
stone, calcareous  in  places.  A  conglomer- 
ate at  the  base  contains  limestone  and 
chert  pebbles  derived  from  the  Collier 
shale.  The  formation  has  not  yielded 
any  fossils.  Owing  to  its  stratigraphio 
relations  and  lithoiogic  character,  it  is 
tentatively  assigned  to  the  Ordovldan 
system.  Clusters  of  quarts  crystals  are 
found  in  fissures  at  numerous  places,  and 
many  are  sold  at  Hot  Springs,  Ark.,  to 
museums  and  for  use  as  ornaments. 

• 

ColUer  shale. 

200+ 

Bhiish-black  soft  graphitic,  intensely  crum- 
pled clay  shale,  some  limestone,  and  a 
few  thin  layers  of  dark  chert.  Has  yielded 
no  fossils.  Assigned  to  the  Cambrian 
because  it  nnconformably  underlies  the 
Crystal  Mountain  sandstone,  which  in 

Ordovidan  age. 

ARKANSAS  NOVACULITE. 


The  Arkansas  novaculite  in  the  Caddo  Gap  and  De  Queen  quad- 
rangles, as  in  other  parts  of  the  Ouachita  Mountains,  is  exposed  in 
more  or  less  parallel  and  nearly  eastward-trending  belts,  whose  nar- 
rowness is  due  to  the  steep  dips  of  the  beds.  Owing  to  the  narrow- 
ness of  these  belts  and  to  the  greater  resistance  of  the  novaculite  to 
weathering  than  the  adjacent  strata  above  and  below,  its  outcrops 
stand  up  as  sharp  ridges,  whereas  both  the  older  and  the  younger 
rocks  form  intervening  valleys.  The  mountainous  districts  of  the 
quadrangles  thus  present  a  corrugated  surface  when  viewed  from  a 
high  point. 

Because  of  the  brittleness  of  the  novaculite  and  of  its  numerous 
joints,  it  breaks  down  into  angular  blocks  of  large  and  small  size  and 
forms  a  surficial  material  that  covers  the  ridges  in  most  places ;  but 
in  others,  particularly  along  the  crests  and  in  the  water  gaps,  the 
edges  of  the  beds  project  in  rough,  bare  ledges  through  the  debris. 
Some  of  these  ledges  stand  up  in  walls  several  feet  high  along  the 
cresta 

The  Arkansas  novaculite  is  thickest  in  its  southernmost  outcrops, 
where  the  thickness  at  many  if  not  at  most  places  is  about  900  feet. 


MANGANESE  DEPOSITS  IN  ABKAN8A8.  69 

The  greatest  known  thickness,  950  feet,  was  measured  1  mile  west 
of  West  Hanna  Mountain.  At  Caddo  Gap  the  formation  is  about 
890  feet  thick.  It  thins  toward  the  north  and  along  the  northern 
border  of  the  area  is  about  250  to  300  feet  thick.  This  thinning  finds 
expression  in  the  lower  elevation  of  the  ridges  toward  the  north.  In 
the  Cross  Mountains,  on  the  west  side  of  the  De  Queen  quadrangle, 
the  formation  is  540  feet  thick. 

In  the  Caddo  Gap  and  De  Queen  quadrangles  and  many  other 
parts  of  the  Ouachita  Mountains  the  formation  consists  of  three 
Uthologic  divisions — ^a  lower  one,  made  up  almost  entirely  of  massive 
white  novaculite ;  a  middle  one,  consisting  mainly  of  thin  layers  of 
dense  dark-colored  novaculite  interbedded  with  shale;  and  an  upper 
one  consisting  chiefly  of  massive,  highly  calcareous  novaculite.  The 
manganese  is  found  at  the  top  of  the  lower  division  and  in  the  upper 
division.  These  divisions  vary  in  thickness  and  character  from 
place  to  place. 

The  lower  division  is  commonly  from  150  to  300  feet  thick,  though 
at  some  places  the  thickness  is  greater ;  the  maximum  of  410  feet  is 
&t  Caddo  Gap,  and  the  minimum  of  25  feet  is  in  the  extreme  north- 
cast  comer  of  the  De  Queen  quadrangle.  This  division  is  made  up 
almost  wholly  of  typical  novaculite,  whose  white  color  and  massive- 
ness  make  it  the  most  conspicuous  part  of  the  formation.  In  fact,  it 
is  this  part  that  usually  occupies  the  crests  of  the  ridges.  The  beds 
are  from  2  to  10  feet  thick  and  are  commonly  even  bedded,  though 
in  places  some  of  the  novaculite  occurs  in  thin  lenses  and  nodules. 
Some  of  the  exposed  bedding  planes  show  large  uneven  ripple  marks. 
At  a  number  of  places  beds  of  red,  buff,  and,  less  commonly,  black 
and  green  shale,  reaching  15  feet  in  thickness,  are  interbedded  with 
the  basal  layers  of  this  division  of  the  formation. 

The  massive  novaculite  is  usually  dense,  gritty,  fine  grained,  ho- 
mogeneous, highly  siliceous,  translucent  on  thin  edges,  and  white 
with  a  bluish  tint,  but  where  unweathered  it  is  bluish  gray.  It 
has  an  uneven  to  conchoidal  fracture  and  a  waxy  luster  like  that 
of  chalcedony.  Though  the  bulk  of  the  rock  is  white,  much  of 
it  varies  in  ^ades  of  red,  gray,  green,  yellow,  and  brown,  and  in 
many  places  it  is  black.  These  ^ades  are  produced  by  iron  and 
manganese  oxides  and  possibly  in  some  places  by  carbonaceous 
matter.  The  darker  colors  are  {Prevalent  in  the  lower  50  to  75 
feet  In  parts,  especially  near  the  base,  the  rock  shows  a  fine 
parallel  laminaticm,  and  much  of  it  contains  a  few  cavities  that 
are  oval  in  cross  section  and  half  an  inch  in  their  longest  dimen- 
sion, besides  others  of  less  size  and  of  irregular  shape.  The  rock 
contains  a  little  calcite,  but  exposures  of  the  calcareous  stone  are  not 
common  and  have  been  found  only  in  stream  beds.  Joints  are  nu- 
merous and  run  in  all  directions,  but  the  most  prominent  joints 
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are  normal  to  the  bedding.  Many  of  them  are  filled  by  white  quartz 
veins  which  are  usually  so  thin  as  io  be  inconspicuous.  Slicken- 
sides  along  both  joints  and  bedding  planes  are  common. 

The  middle  part  of  the  formation  consists  chiefly  of  interbedded 
novaculite  and  shale.  The  novaculite  is  similar  to  that  in  the 
lower  massive  part  of  the  formation,  except  that  the  common  color 
is  dark  gray  to  black  and  that  the  beds  are  much  thinner^  usually 
between  1  inch  and  6  inches  thick.  Moreover,  some  thin  layers 
are  argillaceous  and  have  a  fairly  good  cleavage,  resembling  in 
these  respects  a  highly  siliceous  shale.  The  whole  division  is  cut 
by  many  joints,  some  of  whose  faces  are  so  smooth  they  look  as 
if  they  had  been  polished.  A  conglomerate  at  the  base  of  this 
division  was  observed  at  a  number  of  places.  It  consists  of  small 
rounded  and  subangular  pebbles  of  novaculite  in  a  sandy  and  dense 
flinty  matrix.  The  shale  ordinarily  observed  is  black,  weathering 
to  a  buff  or  brown  color,  but  some  of  it  is  red.  It  is  in  beds  from 
a  fraction  of  an  inch  to  70  feet  thick.  As  a  rule,  it  is  fissile  argil- 
laceous shale,  but  at  some  places  it  has  been  hardened  to  slate. 
Much  of  it  strongly  resembles  the  lower  part  of  the  Stanley  shale. 

The  upper  part  of  the  formation  ranges  from  about  20  to  125 
feet  in  thickness  and  is  thickest  along  the  southernmost  exposures. 
It  consists  chiefly  of  massive,  highly  calcareous  light-gray  to  bluish- 
black  novaculite  which  is  so  resistant  that  at  some  places  where  it 
and  the  accompanying  beds  of  the  formation  are  not  overturned 
it  produces  low  ridges  or  knobs  on  the  slopes  of  the  higher  ridges. 
Some  thin  beds  of  ordinary  dense  chalcedonic  novaculite  like  that 
so  characteristic  of  the  middle  and  lower  parts  of  the  formation 
are  also  included.  Fine  lamination  parallel  with  the  bedding  is 
common.  On  weathering,  the  more  calcareous  rock  loses  its  calcium 
carbonate,  becomes  white  or  cream-colored  and  porous  and  soft 
enough  to  receive  impressions  from  the  hammer  without  breaking, 
and  shows  a  great  many  oval  and  irregular-shaped  cavities  like 
those  in  the  basal  division  of  the  formation.  Some  of  these  cavities 
are  due  simply  to  the  removal  of  calcium  carbonate  through  solu- 
tion, but  others  appear  to  have  a  different  origin  and  may  be  casts 
of  poorly  preserved  shells.  Although  some  dense,  hard  novaculite 
is  present  at  most  if  not  all  places  where  this  division  of  the  for- 
mation is  exposed,  it  becomes  less  calcareous  and  more  siliceous 
toward  the  north,  and  at  some  localities  it  consists  entirely  of  no- 
vaculite like  that  in  the  basal  division  of  the  formation. 

The  only  remains  of  animals  thus  far  found  in  the  formation  con- 
sist of  numerous  conodonts  in  a  minutely  pebbled  novaculite  con- 
glomerate and  of  conodonts  and  small  linguloids  and  sporangites  in 
associated  shale,  which  have  been  obtained  from  the  middle  division 
of  the  formation  at  Caddo  Gap.    Upon  them  E.  O.  Ulrich  bases  the 


MANGANESE  DEPOSITS  IN  ARKANSAS.  71 

• 

opinion  that  the  middle  and  upper  divisions  of  the  formation  are  to 
be  correlated  with  the  Woodford  chert  in  the  Arbuckle  Mountains  in 
southern  Oklahoma  and  with  the  Chattanooga  shale.  He  assigns 
these  two  formations  to  the  Mississippian  series  of  the  Carboniferous 
and  accordingly  regards  the  middle  and  upper  divisions  of  the 
Arkansas  novaculite  as  belonging  to  that  series,  but  the  United 
States  Geological  Survey  tentatively  places  these  two  divisions  of 
the  novaculite  in  the  Upper  Devonian.  The  lower  division  is  sepa- 
rated from  the  middle  one  by  an  unconformity  of  at  least  local  ex- 
tent and,  by  its  lithologic  character  and  stratigraphic  relations,  is 
correlated  with  the  Camden  chert  of  western  Tennessee,  which  is 
known  by  its  fossils  to  be  of  lower  Oriskany  (Lower  Devonian)  age. 

STBUCTUBE. 

The  beds  of  the  Arkansas  novaculite  are  rarely  horizontal  but  are 
inclined  at  various  angles  so  that  their  edges  appear  at  the  surface. 
When  they  are  crossed  frona  north  to  south  they  are  found  to  lie  in 
a  series  of  anticlines  (arches)  and  synclines  (troughs),  and  in  a  few 
places  they  have  suffered  displacement  by  faults. 

The  Caddo  Gap  and  De  Queen  quadrangles  contain  two  areas 
where  the  oldest  rocks  have  been  uplifted  through  folding  and  now 
stand  as  high  as  the  youngest.  One  of  these  areas  includes  the  moun- 
tabous  portion  of  the  Caddo  Gap  quadrangle  and  the  northeast 
corner  of  the  De  Queen  quadrangle.  This  is  a  part  of  the  west  end 
of  the  Ouachita  anticline,  .which  is  the  prominent  fold  of  the 
Ouachita  region  in  Arkansas.  The  other  area  includes  the  Cross 
Mountains,  in  the  western  part  of  the  De  Queen  quadrangle.  It  is  the 
east  end  of  the  Choctaw  anticline,  which  is  the  most  prominent  fold 
of  the  Ouachita  region  in  Oklahoma. 

These  large  folds  are  composite  and  are  thus  essentially  anticlino- 
ria.  Some  of  their  larger  subdivisions  can  be  followed  for  long  dis- 
tances; but  the  single  folds,  some  of  which  are  represented  in  figures 
3  and  4,  are  narrow,  overlap  one  another  lengthwise,  and  can  be 
traced  only  a  few  miles  along  their  axes.  They  all  have  the  same 
general  direction  as  that  of  the  ridges  and  thus  bear  a  close  rela- 
tion to  the  topography,  for  outcropping  edges  of  the  hard  strata 
upturned  on  the  folds  have  formed  the  ridges  and  the  softer  inter- 
vening strata  underlie  the  valleys.  Their  general  trend  does  not 
greatly  depart  from  west,  but  it  is  north  of  west  in  the  Ouachita 
anticline,  west  in  the  Choctaw  anticline,  and  south  of  west  in  the 
piedmont  plateau.  Many  adjacent  folds  are  of  nearly  the  same 
height,  and  the  same  beds  are  repeated  many  times  at  the  surface. 
The  dip  gradually  changes  in  amount  from  place  to  place  along  the 
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strike,  and  on  some  of  the  folds  it  even  changes  in  direction  within 
a  mile.  These  changes  may  take  place  where  a  single  fold  breaks  u|) 
into  two  or  a  symmetrical  fold  is  closely  compressed  so  that  the  strata 
are  parallel.  Two  structure  sections  of  the  same  mountain  or 
valley  only  a  mile  apart  might  therefore  be  very  different.  Scarcely 
any  two  ridges  are  alike  in  structure,  and  some  of  them,  especially 
many  high  peaks,  are  composed  of  two  or  three  lesser  anticlines 
with  their  intervening  synclines.  The  sides  of  most  of  the  folds  have 
been  compressed  until  they  are  parallel,  the  rocks  on  one  side  having 
been  turned  through  an  angle  exceeding  90^,  so  that  the  beds  on  the 
two  sides  of  the  fold  dip  in  the  same  direction.  The  dips  of  the 
overturned  rocks  are  in  places  as  low  as  40°.  This  means  that  the 
rocks  in  such  places  have  been  turned  through  an  angle  of  140®. 
In  some  parts  of  the  area  the  pressure  that  produced  such  overturn- 
ing was  exerted  from  the  north ;  in  other  parts  from  the  south.  As 
a  rule  the  folds  are  smallest,  most  numerous,  and  most  closely 
squeezed  in  the  shales  and  thin-bedded  sandstones  and  chert.  Joints 
in  several  sets  and  slickensides  are  common  in  all  the  rocks  but  are 
most  numerous  in  those  just  named. 

Faults  are  common,  though  less  so  than  might  be  expected  in  strata 
that  have  been  so  closely  compressed  as  these.  This  is  due  to  the  great 
predominance  of  thin-bedded  strata  over  massive,  rigid  beds  like  the 
Crystal  Mountain  sandstone,  Arkansas  novaculite,  and  Jackf  ork  sand- 
stone, in  consequence  of  which  the  beds  as  a  whole  bent  rather  than 
broke  under  stress.  About  thirty  faults  have  been  mapped  in  the  two 
quadrangles,  and  others,  which  doubtless  exist,  may  be  detected  in 
future  work.  The  faults  were  produced  by  the  breaking  and  over- 
thrusting  of  strata  in  closely  compressed  anticlines.  So  far  as  ob- 
served, all  the  faults  are  thrust  faults,  with  the  exception  of  one 
small  normal  fault  in  the  SW.  i  sec.  31,  T.  3  S.,  E.  26  W.  The  direc- 
tion of  the  faults,  therefore,  is  in  the  main  east  or  parallel  with  the 
ridges.  The  length  of  the  longest  ones  does  not  exceed  12  miles,  and 
most  of  them  are  much  shorter.  The  dip  of  all  the  fault  planes  is 
high;  some  of  them  dip  south  and  some  north.  The  dislocation 
ranges,  even  along  a  single  fault,  from  a  few  feet  to  several  hundred 
or  a  few  thousand  feet  or  more,  but  only  a  minimum  measure  is 
obtainable  anywhere. 

As  may  be  seen  by  reference  to  Plate  III,  a  large  number  of  the 
faults  occur  near  the  north  border  of  a  group  of  mountains  extend- 
ing westward  from  the  vicinity  of  Glenwood.  This  is,  in  fact,  the 
principal  zone  of  faulting  in  the  area.  It  extends  south  of  east  from 
the  valley  of  Sugar  Creek,  in  the  De  Queen  quadrangle,  passing  south 
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of  Fancy  Hill,  in  the  Caddo  Oap  quadrangle,  and  eastward  along  the 
valley  of  South  Fork,  apparently  terminating  near  Caddo  River. 

Many  structural  details  are  mentioned  in  the  descriptions  of  the 
mines  and  prospects,  beginning  on  page  85. 

ORE  DEPOSITS. 
CHASACTEB  07  OBES. 

The  manganese  ores  of  th«  Caddo  Gap  and  De  Queen  quadrangles 
consist  of  oxides,  four  of  which,  psilomelane,  pyrolusite,  manganite, 
and  wad,  have  been  identified ;  if  others  are  present,  they  probably 
occur  in  minute  quantities.  Although  these  minerals  may  be  found 
separately,  as  a  rule  two  or  more  are  intimately  mixed  in  the  same 
deposit,  and  in  some  places  they  are  associated  with  iron  ores  and 
manganiferous  iron  ores.  Psilomelane,  pyrolusite,  and  manganite 
form  the  larger  part  of  the  manganese  ore  in  this  region.  A  material 
consisting  of  rock  fragments  and  clay  cemented  together  by  soft  man- 
ganese oxide  is  present  at  a  number  of  places ;  locally  it  is  known  as 
•*bog  ore."    Descriptions  of  these  minerals  follow. 

Psilomelane  is  a  black  or  steel-blue  mineral  that  breaks  with  a 
conchoidal  fracture,  shows  in  places  botryoidal  surfaces,  and  occurs 
m  the  amorphous  form  and  with  a  massive,  concentric,  or  stalactitic 
structure.  It  has  a  specific  gravity  of  3.7  to  4.7  and  a  hardness  of 
5  to  6,  which  means  that  a  knife  blade  scratches  it  with  difficulty,  if  at 
all.  The  chemical  composition  of  psilomelane  is  not  definite ;  potash, 
baryta,  and  water  occur  in,  it  in  varying  amounts  and  are  supposed 
by  some  mineralogists  to  be  mechanically  admixed.  An  analysis  of 
psilomelane  is  given  below. 

Pyrolusite  is  a  grayish-black  to  black  mineral  with  a  crystalline  or 
granular  structure  and  a  black  or  bluish-black  streak.  It  has  a  hard- 
ness of  2  to  2.5,  being  much  softer  than  psilomelane  and  a  specific 
gravity  of  4.8.  Pure  pyrolusite  contains  63.2  per  cent  of  metallic 
manganese,  but  the  mineral  is  usually  impure,  as  is  shown  in  the  ac- 
companying analysis.  This  mineral  was  identified  by  Penrose  as 
occurring  in  the  area  under  discussion  but  was  not  detected  by  the 
present  writer,  though  it  is  possible  that  a  small  quantity  of  the  man- 
ganite described  herein  is  pyrolusite. 

82163**— IS— Bull.  660 6 
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d  Includes  insohible  matter. 

Manganite  is  a  black  brittle  massive  or  crystalline  mineral  with 
a  reddish-brown  or  nearly  black  streak.  It  has  a  specific  gravity 
of  4.2  to  4.4,  a  hardness  of  4,  and  a  theoretical  content  of  62.4  per 
cent  metallic  manganese  and  10  per  cent  water.  It  occurs  gen- 
erally with  psilomelane  in  alternating  layers  in  botryoidal  masses. 
In  such  masses  it  consists  of  numerous  needles,  that  radiate  from 
the  walls  toward  the  middle  of  the  vein.  Locally  crystals  of 
manganite  are  scattered  through  masses  of  psilomelane  or  occupy 
the  centers  of  stalactite-like  rods  of  psilomelane,  the  association 
being  such  as  to  lead  to  the  conclusion  that  manganite  is  an  altera- 
tion product  of  psilomelane. 

Wad,  an  impure  mixture  of  manganese  oxides,  is  a  soft  dark- 
brown  or  black  earthy  mineral  occurring  with  psilomelane  and  man- 
ganite or  by  itself.  At  a  few  places  it  occurs  in  alternating  layers 
with  psilomelane  in  botryoidal  masses.  Dendrites,  branching  moss- 
like growths  of  wad,  are  common  along  joints  in  the  novaculite. 

The  iron  ores  comprise  various  hydrous  sesquioxides,  of  which 
limonite  is  probably  the  most  abundant.  The  mineralogic  species 
of  the  iron  oxides  found  iii  each  deposit  in  the  area  have  not,  how- 
ever, been  determined,  and  the  materials  are  called  simply  brown  or 
red  iron  oxides.  By  some  people  these  are  mistaken  for  manganese 
oxides.  Iron  pyrites  in  veinlets  and  minute  scattered  crystals  is  com- 
mon in  the  unweathered  portions  of  the  novaculite.  One  of  the 
places  where  it  was  noted  is  the  lower  tunnel  at  the  North  Mountain 
mine,  in  sec.  10,  T.  4  S.,  R  27  W. 

The  most  abundant  material  with  which  the  iron  and  manganese 
ores  are  associated  is  clay,  some  of  which  has  been  brought  in  by 
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groand  water  and  some  of  which  is  residual  and  probably  in  place. 
Minute  quantities  of  dufrenite,  a  green  mineral  composed  of  phos- 
phonp  pentoxide,  iron  sesquioxide,  and  water,  and  usually  occur- 
ring in  globular  aggregates  with  a  radial  structure,  occur  in  a  few 
of  the  prospects.  Thin  layers  of  opal  are  associated  with  weathered 
dufrenite  at  the  Missouri  Mountain  prospect  and  the  Tellus  Davis 
prospect  No.  2.  Films  of  chalcedony  in  which  are  small  particles 
of  native  copper  were  found  in  the  lower  tunnel  at  the  North  Moun- 
tain mine.  This  chalcedony  is  stained  bluish  green  by  a  minute 
quantity  of  chrysocoUa,  a  copper  silicate  combined  with  some 
water.  Films  of  similar  chalcedony  were  found  on  claim  Na  7  on 
Leader  Mountain. 

OCGUBBEKCE  O?  OBES. 

The  manganese  ores  occur  as  nodules,  pockets,  and  short  irregular 
veins  from  a  fraction  of  an  inch  to  4  feet  thick.  Thicknesses  of  4 
feet,  however,  are  rare,  and  those  of  a  foot  are  not  common.  The 
ore  bodies  are  scattered  through  the  hard  novaculite,  and  can  doubt- 
less be  found  on  every  mountain  where  the  Arkansas  novaculite  is 
exposed.  The  ores  occupy  bedding  planes  or  joint  cracks  or  form  a 
cement  in  a  novaculite  breccia,  in  which  the  rock  fragments  range 
from  a  fraction  of  an  inch  to  over  a  foot  in  diameter.  The  iron  and 
manganese  ores  may  be  intimately  mixed  in  the  same  pocket  or 
vein,  they  may  occur  separately  in  different  parts  of  the  same  vein, 
or  they  may  occur  in  separate  masses.  Most  of  the  ore  is  confined 
to  two  stratigraphic  horizons  in  the  Arkansas  novaculite.  One  of 
these  is  in  the  upper  division  of  the  formation  and  the  other  is  near 
the  top  of  the  lower  division.  Some  deposits,  however,  such  as 
those  at  the  North  Mountain  mine,  the  Fagan  mine,  and  the  Eureka, 
Rattlesnake,  S.  A.  Hanna,  and  B.  M.  Cogbum  prospects,  are  found 
in  other  parts  of  the  lower  division,  and  the  geologic  position  of 
some  others  was  not  determined. 

The  Arkansas  novaculite  and  other  formations  have  been  thrown 
into  a  series  of  folds  whose  trend  is  parallel  with  the  ridges.  This 
formation  is  very  resistant;  the  upturned  edges  stand  up  as  ridges 
on  which  rock  ledges  or  their  debris  abound.  The  beds  at  the  two 
ore  horizons,  which  show  ore  at  the  surface  in  many  places,  may  thus 
be  followed  for  long  distances  along  the  slopes,  and  their  outcrops, 
owing  to  the  numerous  folds,  are  repeated  on  the  slopes  or  crests  of 
the  many  parallel  ridges,  or  even  on  a  single  ridge.  The  outcrops 
of  these  ore-bearing  beds  are  sometimes  called  '^  lodes  "  or  ^^  leads." 

The  accompanying  section  (fig.  3)  through  Leader,  Brier  Creek, 
Sogartree,  and  Statehouse  mountains,  on  or  near  which  extensive 
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prospecting  for  mang&Dese  is  going  on,  illustrates  the  way  in  which 
the  beds  of  the  two  manganese  horizons  are  repeated  on  different 
ridges.  Many  other  ridges  are  similar  in  structure  to  those  shown 
in  the  section;  but  others,  as  well  as  different  parts  of  the  same 
ridge,  are  different.  The  structure  of  some  is  complicated;  for 
example,  that  of  East  Hanna  Mountain,  a  high  peak  in  sec.  34,  T. 
4  S.,  B.  29  W.,  3  miles  east  of  Cossatot  River.     (See  fig.  i.) 

These  sections  represent  the  structure  as  it  is  inferred  from  the 
position  of  the  beds  observed  at  the  surface  and  are  on  too  small  a 
scale  to  show  all  the 

minute    structural  \  f\"-  ^ 

details.  _    \\     ^v'-^ 

The  beds  at  the  (r^i'\  ''\^^^ 

two  manganese  ho-  I'l     _'-'  \      ^v\*  "' 

rizons,  as  shown  in 
figure  3,  occur  on 
Leader  Mountain,  ^ 
those  at  the  lower 
horizon  on  the  crest 
ind  those  at  the  up- 
per horizon  on  the 
north  slope.  The 
prospected  manga- 
nese deposits  on  this  '^  .  '/?  .  \  "'"• 
mountain  are  in  the     riamt  4.— seciioD  dioog  iine  a-b  dd  piate  in,  throogh 
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Brier  Creek  Mountain,  the  upper  beds  being  lower  on  the  slope  than 
the  lower  beds,  but  neither  horizon  is  represented  on  the  north  slope, 
owing  to  the  presence  of  a  fault  that  has  been  produced  by  the  break- 
ing  of  the  strata  in  a  closely  compressed  anticline.  Noprospectinghas 
been  done  on  this  mountain.  Penrose,^  however,  states  that  "A  stain  of 
iron  and  manganese  and  occasionally  small  masses  of  the  ores  occur 
in  the  gray  novaculite  on  the  part  of  the  mountain  lying  in  Polk 
County,  and  probably  these  same  occurrences  extend  into  Mont- 
gomery County ;  but  no  important  quantity  of  either  ore  was  seen." 

Both  horizons  are  represented  at  two  places  on  or  near  each  of  the 
two  eastward  spurs  of  Sugartree  Mountain,  as  the  structure  of  the 
spuR  is  anticlinal.    A  manganese  deposit  at  the  upper  horisson  has 

I,  and  dapoalta:  ArkMUM  OmL  Snmj 
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been  revealed  in  the  Dierks  Lumber  &  Coal  Co.'s  prospect  near  the 
north  base  of  the  north  spur,  and  others  at  both  horizons  have  been 
found  in  the  Rainwater  prospects  and  the  Sugartree  Mountain  pros* 
pects,  farther  west  on  Sugartree  Mountain. 

Both  horizons  are  also  twice  represented  on  the  part  of  Statehouse 
Mountain  through  which  the  section  is  made.  A,  manganese  deposit 
that  is  being  explored  by  Edgar  &  Co.,  about  half  a  mile  east  of  the 
line  of  the  section,  is  at  neither  horizon  but  is  near  the  base  of  the 
formation.  The  structure  at  that  place  (fig.  9,  p.  100)  is  different 
from  that  shown  in  figure  3.  Other  deposits  on  this  mountain  not 
visited  by  the  writer  are  described  by  Penrose  (pp.  102-103).  Their 
stratigraphic  position  in  the  Arkansas  novaculite  is  not  known. 

The  structure  of  East  Hanna  Mountain,  shown  in  figure  4,  is  more 
complicated  than  that  of  any  of  the  mountains  just  described ;  it  com- 
prises three  anticlines  and  the  two  intervening  synclines. 

The  above-described  sections  and  that  of  Penrose,^  illustrating  the 
occurrence  of  the  manganese  ores  and  reproduced  by  Griswold* 
and  in  part  by  Harder,'  agree  in  their  essential  features,  but  Pen* 
rose's  section  is  incorrect  in  its  detail  and  shows  manganese-bearing 
beds  at  only  one  horizon,  concerning  which  he  says :  ^ 

The  rock  carrying  the  manganese  represents  an  Interbedded  stratum  in  the 
upper  part  of  the  gray  novaculite,  usually  occurring  at  or  near  the  contact  of 
that  bed  with  the  overlying  gray  and  black  siliceous  shale.  Similar  ores 
probably  sometimes  occur  in  small  quantities  in  the  lower  part  of  the  novaculite, 
but  they  are  of  no  importance. 

The  section  by  Penrose  was  made  across  two  parallel  ridges  1  mile 
east  of  Cossatot  River,  separated  by  Short  Creek.  The  southern  ridge 
he  called  "  East  Hannah  Mountain  "  and  the  northern  one  ^^  Shadow 
Bock  Mountain.'^  On  the  topographic  map  of  the  De  Queen  quad- 
rangle no  name  is  given  to  "Shadow  Rock  Mountain,"  the  name 
^^  East  Hanna  Mountain  "  is  applied  to  a  peak  3  miles  east  of  Cossatot 
River,  and  the  name  "  Hanna  Range  "  is  applied  to  the  "  East  Han- 
nah Moimtain"  of  Penrose.  The  Hanna  Range,  1  mile  east  of 
Cossatot  River,  is  made  up  of  three  anticlines  and  the  two  interven- 
ing synclines,  and  the  structure  of  the  unnamed  ridge  ("Shadow 
Rock  Mountain"  of  Penrose)  is  monoclinal,  with  the  oldest  rocks 
exposed  on  the  north  slope. 

Deposits  that  bear  certain  definite  relations  to  the  structure  of  the 
Arkansas  novaculite  occur  at  the  following  places.    The  deposits  at 


^Penrose.  R.  A.  F.,  Jr.,  op.  cit.,  p.  822. 

•  GrlBWold,  L.  8.,  Whetstones  and  the  noTacnUtes  of  Arkansas :  Arkansas  Oeol.  Snrrey 
Ann.  Rept  for  1890,  toI.  8,  p.  261,  1892. 

•Harder,  B.  C,  Manganese  deposits  of  the  United  States,  with  sections  on  foreign 
deposits,  chemistry,  and  uses :  U.  S.  Geol.  Sorvey  Bull,  427,  p.  120,  1910.  The  horisontal 
scale  of  the  figure  glTen  by  Harder  is  Incorrect ;  the  number  of  mUes  shoald  be  read  as 
tenths  instead  of  whole  numbers. 

^PenroM,  B«  A.  F.,  jr.,  op.  cit.,  p.  821. 
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the  Nelson  mine,  Fields  prospect,  Watkins-White  prospects,  Janes 
prospects,  Brushy  Mountain  prospects,  and  North  Mountain  mine 
are  on  or  near  the  noses  of  plunging  anticlines;  ihe  deposit  at  the 
Bear  Mountain  prospect  is  exactly  on  the  axis  of  an  anticline;  that 
at  the  S.  A.  Hanna  prospect  is  along  a  fault;  and  that  at  the  Eureka 
prospect  is  near  a  fault. 

The  depth  to  which  the  ore  extends  is  not  known.  An  8-foot  vein 
of  solid  manganese  ore  is,  however,  reported  to  have  been  found 
in  the  lower  tunnel  at  the  North  Mountain  mine  at  a  distance  of 
about  615  feet  from  the  portal.  This  tunnel  is  250  feet  above  the 
road  along  the  south  base  of  Nortli  Mountain ;  it  is  530  feet  below  the 
crest  of  the  mountain  and  is  216  feet  below  the  upper  tunnel,  which 
penetrates  the  exposed  ore  body  near  its  main  outcropa  At  other 
places  ore  is  found  only  in  the  present  shallow  workings.  These 
workings  and  the  outcrops  of  ore  occur  at  all  altitudes  on  the  high 
ridges,  from  the  level  of  the  streams  that  cut  through  them  up  to 
their  crests,  which  are  even  and  probably  represent  a  Cretaceous 
peneplain.  The  deposits  examined  by  the  writer  range  from  900  to 
1,800  feet  above  sea  level,  but  the  greatest  difference  in  altitude  in 
any  single  locality  is  about  800  feet.  This  range  does  not  necessarily 
mean  that  a  shaft  sunk  from  the  crest  of  a  mountain  would  find  ore 
at  a  depth  of  800  feet  or  that  a  tunnel  driven  into  the  base  of  a  moun- 
tain 800  feet  below  its  crest  would  find  ore,  for  the  lower  limit  of  the 
ore,  which  may  not  extend  much  below  water  level,  may  be  higher  in 
the  mountains  than  in  the  valleys,  just  as  the  water  level  is  higher 
in  the  mountains  than  in  the  valleys.  It  appears  probable,  however, 
that  the  ore  extends  downward  some  distance-— say  200  or  800  feet — 
below  the  water  level.  In  Virginia  and  Maryland,  as  pointed  out  by 
Hewett,^  manganese  ore  is  mined  to  a  depth  of  220  feet  below  the 
water  leveL 

OBIOIN. 

The  occurrence  of  the  manganese  ores  in  the  Arkansas  novaculite 
suggests  that  their  origin  and  that  of  the  novaculite  are  intimately 
associated.  Penrose '  has  expressed  the  opinion  that  they  were  de- 
posited at  the  same  time  as  the  novaculite,  a  rock  which  is  regarded 
by  the  present  writer  and  some  others  as  having  been  deposited 
through  chemical  or  organic  processes,  or  both,  and  thus  belonging 
to  the  class  of  cherts. 

That  manganese,  as  finely  disseminated  particles,  was  deposited 
with  the  silica  that  formed  the  novaculite  at  the  two  main  ore  hori- 

^  Hewett,  D.  F.,  Some  manganese  mlnee  In  Virginia  and  Maryland :  U.  S.  Geol.  Surrey 
Ball.  MO.  pp.  eS-64,  1016. 
'Penroee,  B.  A.  F.,  Jr.,  op.  dt,  p.  826. 
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zona  is  indicated  by  partial  analyses  made  by  (jeorge  Steiger,  of  the 
United  States  Geological  Survey.  A  specimen  of  unweathered  cal- 
careous novaculite  from  the  top  of  the  basal  division  of  the  forma- 
tion on  Little  Missouri  River,  near  the  east  line  of  sec.  16,  T.  4  S.,  K. 
27  W.,  contains  0.084  per  cent  of  manganous  oxide  (MnO),  and  a 
specimen  of  similar  novaculite  taken  from  the  upper  division  in  the 
old  Sugartree  tunnel,  at  the  north  base  of  Sugartree  Mountain,  con- 
tains 0.022  per  cent.  At  both  these  localities  a  black  oxide  of  man- 
ganese penetrates  and  partly  replaces  the  novaculite  along  cracks, 
but  the  material  analyzed  was  free  from  veins  and  stains  of  such 
oxide.  It  seems  probable  that  much  of  the  manganese  ore  of  the 
deposits  herein  described  was  derived  from  this  finely  disseminated 
manganese  by  processes  of  solution,  segregation,  and  redeposition 
during  the  erosion  of  the  mountains  down  to  their  present  level. 
Whether  or  not  the  manganese  originally  deposited  with  the  novacu- 
lite was  less  abundant  in  other  parts  of  the  formation  is  not  known, 
but  the  occurrence  of  most  of  the  deposits  at  the  two  horizons  men- 
tioned suggests  that  a  greater  quantity  of  manganese  was  originally 
deposited  there  than  elsewhere  in  the  formation,  or  that  these  two 
parts  of  the  formation  have  later  offered  the  most  favorable  places 
for  the  deposition  of  manganese  from  outside  sources. 

Some  of  the  manganese  ores  here  described  may  have  been  derived 
from  other  parts  of  the  Arkansas  novaculite,  from  the  underlying 
Missouri  Mountain  slate,  or  from  the  overlying  Stanley  shale,  the  last 
two  of  which  contain  minute  quantities  of  manganese.^  Had  the  bulk 
of  the  ores  been  concentrated  from  the  rocks  just  mentioned,  how- 
ever, manganese  deposits  would  have  been  formed  in  the  Arkansas 
novaculite  at  any  place  structurally  favorable  for  deposition.  It  is 
believed  by  the  writer  that  the  two  manganese  horizons  of  the  Arkan- 
sas novaculite,  except  as  regards  supply  of  material,  offer  no  more 
favorable  places  for  the  deposition  of  ore  than  other  parts  of  the 
formation.  The  middle  division,  however,  which  contains  much 
shale,  is  relatively  impervious,  and  thus  would  not  permit  the  free 
circulation  of  ore-bearing  solutions. 

The  concentration  of  the  ores  has  been  effected  by  ground  water, 
which  has  carried  down  their  constituents  from  the  vast  mass  of 
rock  that  has  been  eroded  from  the  region.  The  local  concentration 
of  the  ores  into  deposits  large  enough  to  be  of  value  appears  to 
have  been  dependent  upon  the  amount  of  open  space  in  the  Arkansas 
novaculite,  which  is  hard  and  compact  and  usually  has  no  visible 
openings  between  the  layers  or  along  the  joints.    The  places  where 

^  Purdue,  A.  H.,  The  slates  of  Arkansas,  pp.  62-65,  Arkansas  Geol.   Survey,  1909. 
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fissures  ai^  largest  and  most  numerous  would  be  most  favorable  for 
the  circulation  of  underground  water,  and  consequently  for  the 
deposition  of  the  ore,  little  of  which  replaces  the  novaculite.  The 
fissures  were  formed  during  the  folding,  faulting,  and  fracturing  of 
the  novaculite  late  in  the  Carboniferous  period.  The  ores  would  be 
expected  in  thoee  places  where  the  novaculite  has  undergone  much 
fracturing  and  close  folding,  as  on  and  ivBar  faults  and  at  the  ^noses 
or  ends  of  plunging  anticlines.  A  number  of  such  places  where 
deposits  occur  are  mentioned  on  pages  78-79.  It  is  noteworthy  that 
many  cold  springs  and  even  the  hot  springs  at  Hot  Springs^  Ark., 
issue  on  the  noses  of  plunging  anticlines,  showing  that  such  places 
are  especially  favorable  for  the  circulation  of  ground  water. 

Hewett  ^  has  pointed  out  that  some  manganese  deposits  of  Virginia 
and  Maryland  occur  at  or  a  few  hundred  feet  below  the  Harrisburg 
(early  Tertiary)  peneplain,  and  he  concludes  that  they  were  ^^  formed 
during  some  stage  of  early  Tertiary  erosion."  The  deposits  herein 
described  occur  at  or  several  hundred  feet  below  what  are  probably 
remnants  of  a  Cretaceous  peneplain,  preserved  in  the  even  crests  of 
the  mountain  ridges.  They  thus  bear  much  the  same  relation  to  the 
Cretaceous  peneplain  of  the  region  under  discussion  as  the  deposits 
described  by  Hewett  bear  to  the  early  Tertiary  peneplain  of  the 
Appalachian  region.  This  similarity  suggests  that  the  ores  here 
described  were  deposited  about  the  beginning  of  the  Cretaceous 
period,  when  the  region  had  been  reduced  to  a  peneplain.  Were 
this  true,  however,  it  would  mean  that  they  were  deposited  within  a 
comparatively  short  time,  but  there  is  no  evidence  at  hand  to  show 
that  the  deposition  of  the  ores  of  the  Caddo  Gap  and  De  Queen  quad- 
rangles could  not  have  extended  over  a  long  period. 

ANALYSES. 

Analyses  of  psilomelane  from  North  Mountain,  in  Montgomery 
County,  and  pyrolusite  from  Cossatot  Mountain,  in  Polk  County, 
are  given  on  page  74.  The  following  are  analyses  of  manganese 
ores  and  manganiferous  iron  ores  from  the  Caddo  Gap  and  De  Queen 
quadrangles : 

*  Hewett,  D.  F..  Some  manganese  mines  in  Virginia  and  Maryland :  U.  S.  Geol.  Surrey 
Boll.  640,  pp.  6a-«4,  19X0. 
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Analyses  of  manganese  and  manganiferout  iron  ores  from  the  Caddo  Oap  and 

De  Queen  quadrangles^  Ark. 
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b  Orldlring  power  equal  to  64.60  per  cent  MnO|. 


Analyses  1  to  12  from  Age  of  Steel,  vol.  62,  p.  0,  Sept.  8,  1887 ;  18  to  10  from  Pen- 
rose, B.  A.  F.,  Jr.,  op.  dt.,  p.  810 ;  20  to  28  furnished  by  Mississippi  Valley  Iron  Co. ; 
24  furnished  by  Dterks  Lumber  ft  Coal  Co.  Analysts:  1,  4,  6,  12,  Begis  Cbauvenet  * 
Bro. ;  2,  8,  6, -7-77,  St.  Louis  Sampling  ft  Testing  Works;  18-10,  B.  N.  Bradkett;  24, 
Kansas  City  Testing  Laboratory;  25,  Geprge  Steiger. 

1*12.  Polk  County,  locality  unspedfled. 

18.  Line  Mountain,  Pike  County. 

14.  Fancy  Hill  Mountain  [W.  B.  Porter  prospect],  Montgomery  County. 

10.  North  Mountain  [mine],  Montgomery  County. 

16.  McKinley  Mountain,  Polk  County. 

17.  Tall  Peak  Mountain,  Polk  County. 

18.  Manganese  Mountain,  Polk  County. 
10.  Cossatot  Mountain,  Polk  County. 

20-28.  Still  mine.  Pike  County.  20,  One  car,  natural ;  21,  same,  dry ;  22,  another  car, 
natural ;  28,  same,  dry. 

2^  Dierka  Lumber  ft  Coal  Co.'8  prospect,  Montgomery  County. 

25.  Composite  sample  from  89  localities  in  Pike,  Polk,  and  Montgomery  counties. 

Analyses  1  to  12,  inclusive,  represent  the  composition  of  man- 
ganese and  manganiferous  iron  ores  from  the  land  of  the 
Arkansas  Development  Co.  Analyses  15  and  19  were  made  on 
picked  specimens  and  represent  a  better  grade  of  ore  than  the  aver- 
age of  the  deposits  from  which  they  were  taken.*  Analyses  13,  14, 
16,  17,  and  18  were  made  on  samples  that  were  selected  to  represent 
as  nearly  as  possible  the  average  of  the  deposit.'  Samples  20  to  23 
were  taken  from  two  cars  of  ore  containing  37  long  tons,  shipped  by 


1  Penrose,  B.  A.  F.,  Jr.,  op.  cit,  p.  818. 
•Idem,  pp.  818-820. 
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the  Mississippi  Valley  Iron  Co.  from  the  Still  Mine  to  its  furnaces 
in  St.  Louis,  Mo.  Analysis  24  represents  solid  psilomelane  col- 
lected by  G.  A.  Joslin  ^  from  the  smallest  opening  shown  on  figure 
10  at  the  Dierks  Lumber  &  Coal  Co.'s  prospect.  Analysis  25  was 
made  on  a  composite  sample  of  specimens  of  manganese  minerals 
collected  by  the  writer  from  39  localities,  20  grams  of  mineral  from 
each  locality  being  mixed  to  make  the  sample.  The  specimens  con- 
sisted of  wad,  psilomelane,  manganite,  and  bog  manganese;  they 
were  selected  from  the  parts  of  the  deposit  most  free  from  iron 
oxide,  clay,  and  fragments  of  novaculite.  The  localities  from  which 
specimens  for  the  composite  sample  were  collected  are  as  follows : 

Nelson  mine. 

S.  A.  Hanna  prospect. 

Watkins-Whlte  prospects  (pit  farthest  west). 

Fagan  mine. 

Bear  Mountain  prospect. 

Brushy  Mountain  prospects  (first  cut  described). 

Rattlesnake  prospect 

Stm  mine. 

Prospect  No.  2. 

Prospect  No.  8. 

Risner  Mountain  prospects  (cut  farthest  west). 

Janes  prospects : 

Pit  No.  1. 

Pit  No.  8. 

Pit  No.  4. 

Prospect  No.  6. 

Pit  Na  a 

Pit  No.  8. 

Pit  farthest  west 
Bud  HIU  prospect 
B.  M.  Oogbum  prospect 
Roberc  Porter  prospect 
Cady  prospect 
W,  R.  Porter  prospect 
North  Mountain  mine  (Bums  pit). 
North  Mountain  mine  (upper  tunnel). 
North  Movntaln  mine  (middle  tunnel). 
Slatington  Mountain  prospects  (cut  farthest  east). 
Dierks  Lumber  &  Coal  Go.'8  prospect  (three  sets  of  specimens  obtained 

from  the  two  middle  cuts). 
Sugartree  Mountain  prospects  (cut  farthest  northwest). 
Tellus  Davis  prospect  No.  1. 
W.  A.  Davis  prospect  No.  1. 
Ehireka  prospect 
Bluff  Mountain  prospect 

^Personal  commanicatlon. 
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Leader  Mountain  prospects : 

Claim  No.  12. 

Ore  picked  up  on  surface  on  crest 

North  end  of  cut  on  claim  No.  14. 

South  end  of  cut  on  claim  No.  14. 

aaim  No.  5. 
Grant  prospect 

SCOKOXIC    POSSIBILITIES. 

The  possibilities  of  manganese  mining  in  west-central  Arkansas 
are  ably  discussed  by  Penrose/  from  whom  the  following  is  quoted : 

The  aggregate  amount  of  manganese  in  the  region  is  undoubtedly  large, 
but  it  is  distributed  over  an  extensive  area,  and  in  almost  all  places  it  is  liope- 
lessly  scattered  through  the  rock  in  small  nests  and  seams.  If  these  nests 
and  seams  were  in  sufficient  quantities  the  rock  might  be  crushed  and  the  ore 
concentrated  by  washing,  but  the  pockets  containing  them  are  too  small  to 
permit  the  expense  of  machinery.  It  is  a  popular  idea  that  the  ore  will  in- 
crease in  quantity  at  a  depth,  but  there  is  absolutely  no  reason  to  expect  tbis, 
as  such  deposits  are  Just  as  likely  and  sometimes  even  more  lik^y  to  become 
poorer  at  a  depth  than  they  are  to  improve. 

EYom  the  nature  of  the  deposit  it  is  to  be  expected  that  the  ore  at  a  depth 
is,  at  the  very  best,  no  more  plentiful  than  in  the  surface  outcrops  of  the  so-called 
**  lodes  ** — ^that  Is,  that  it  exists  as  a  series  of  pockets  separated  by  greater  or 
less  distances  of  barren  rock.  With  very  few  exceptions  the  pockets  of  ore 
seen  on  the  surface  can  not  be  worked  at  a  profit,  and  in  the  rare  cases, 
where  a  small  profit  might  be  made,  the  amount  would  not  be  enough  to  pay 
for  sinking  through  the  barren  rock  that  separates  the  pockets  from  each 
other.  The  intervening  thickness  of  barren  rock  is  much  greater  than  the 
depth  of  any  one  pocket 

The  quantity  of  manganese  ore  that  can  be  mined  at  a  profit  from 
any  one  deposit  is  therefore  small,  which  means  that  under  normal 
conditions  manganese  mining  will  never  become  one  of  the  chief 
industries  in  this  region. 

Ores  from  a  number  of  manganese  deposits,  as  shown  by  the  chem- 
ical analyses  on  page  82,  contain  a  sufficiently  high  percentage  of 
manganese  (40  per  cent  or  more)  and  a  sufficiently  small  percentage 
of  silica  (8  per  cent  or  less)  for  the  manufacture  of  ferromanganese, 
but  most  of  the  ores  of  which  analyses  are  available  exceed  the  phos- 
phorus limit  (0.20  per  cent)  for  this  purpose.  The  prices  paid  for 
medium-grade  ores  used  in  the  metallurgic  industries  are  relatively 
stable  and  generally  range  between  $8  and  $13.50  a  ton,^  being  gov- 
erned by  the  content  of  manganese,  phosphorus,  and  silica.  The 
price  has,  however,  steadily  increased  since  the  outbreak  of  the  war  in 
Europe.    Manganese  ores  sold  in  1915  for  $14.40  to  $22.05  a  ton,'  and 

^  Penrose,  R.  A.  F.»  jr.,  Manganese — Its  uses,  ores,  and  deposits  :  Arkansas  Geol.  Survey 
Ann.  Bept  for  1890,  vol.  1,  p.  806,  1891. 

'Harder,  B.  C,  Manganese  ores  of  Russia,  India,  Brasil,  and  Chile:  Am.  Inst.  Min. 
Bng.  Bull.  118.  pp.  768-704,  May,  1916. 

•  Hewett,  D.  F.,  U.  8.  Qeol.  Survey  Mineral  Resources,  1915,  pt.  1,  p.  39,  1916. 
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in  1916  the  maximum  price  was  $32.50,^  This  increase  in  price  has 
accordingly  increased  the  possibility  of  the  economical  recovery 
of  the  manganese  ores  of  the  area  herein  described,  but  some  deposits 
that  might  now  be  worked  at  a  profit  will  not  pay  to  work  after  the 
price  of  ore  again  becomes  normal,  which  will  probably  be  within  a 
year  after  the  conclusion  of  peace. 

The  wad  and  other  low-gtade  oxides  could  be  used  for  giving 
bricks  a  chocolate  color.  The  pyrolusite,  manganite,  and  psilomelane 
could  be  used  to  produce  the  spots  of  some  varieties  of  speckled 
bricks  and  mixed  with  red-burning  clay  for  brown  bricks,  and  with 
buff-burning  clay  for  gray  bricks. 

Some  of  the  purer  psilomelane  and  especially  the  manganite  and 
pyrolusite  could  be  used  in  chemical  industries,  in  the  manufacture 
of  electric  batteries,  and  for  other  purposes.  Psilomelane  is  hard, 
however,  and  is  less  easily  treated  than  manganite  and  pyrolusite. 
Ores  required  in  the  manufacture  of  dry  batteries  should  contain 
less  than  1  per  cent  of  iron,  less  than  0.05  per  cent  of  copper,  nickel, 
and  cobalt,  and  at  least  80  per  cent  of  manganese  peroxide,*  which 
is  the  form  of  the  larger  part  of  the  manganese  in  pyrolusite,  man- 
ganite, and  psilomelane.  The  prices  of  ores  suited  for  the  above- 
mentioned  purposes  fluctuate  greatly,  ranging  from  $20  to  $100  a 
ton.* 

MINES  AND  PROSPECTS. 

NELSON  MINE. 


f 


The  Nelson  mine  is  on  the  northeast  slope  of  a  low  crescent-shaped 
ridge  that  skirts  the  east  end  of  Nelson  Mountain,  about  5  miles 
north-northeast  of  Glenwood.  It  was  worked  from  August  to 
December,  1915,  by  Chester  Stevens  and  yielded  58  long  tons  of 
manganese  ore,  which  was  hauled  in  wagons  to  Glenwood  and 
shipped  to  Birmingham,  Ala.,  for  use  in  the  manufacture  of  ferro- 
manganese.  The  workings  consist  of  a  northwestward-trending  cut 
25  feet  wide,  50  feet  long,  10  to  15  feet  deep,  and  100  feet  above  the 
wagon  road  at  the  base  of  the  ridge  and  two  northeastward-trend- 
ing trenches  on  the  slope  above  the  cut.  The  strata  exposed  in  the 
workings  and  on  the  crest  of  the  low  ridge  are  massive  hard  jointed 
white,  somewhat  porous  novaculite,  and  belong  to  the  upper  division 
of  the  Arkansas  novaculite,  whose  structure  in  this  vicinity  is  that  of 
an  eastward-pitching  anticline.  The  mine  is  on  the  east  end  or 
nose  of  this  anticline.  Although  the  beds  in  the  workings  are 
slightly  wrinkled,  their  general  dip  is  about  40^  N.  40°  E.,  and  at 

*  Hewettp  D.  F.,  U.  8.  Qeol.  Surrey  Press  Bulletin  306,  January,  1917. 

'  Hewett,  D.  F.,  U.  8.  Oeol.  Surrey  Mineral  Reaources,  1016,  pt  1,  p.  32,  1916. 

*  Haider,  B.  C,  op.  dt.,  p.  768. 
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the  southeast  end  of  the  cut  they  are  broken  by  a  northeastward- 
trendmg  fault  by  which  the  beds  on  the  southeast  side  have  been 
dropped  a  few  feet. 

The  manganese  ore  consists  of  hard  psilomelane,  much  of  which 
shows  botryoidal  and  stalactitic  structure,  and  a  meager  quantity 
of  crystalline  manganite,  some  of  which  fills  the  centers  of  the 
psilomelane  stalactites.  It  occurs  as  thin  disconnected  veins  and 
pockets  along  joints  and  bedding  planes.  A  2-inch  vein  near  the 
f  atdt  is  the  thickest  one  observed,  but  on  the  dumps  there  are  pieces 
of  ore  that  indicate  the  presence  of  veins  at  least  several  inches  thick. 
In  fact,  veins  a  foot  or  so  wide  are  said  to  have  been  found  in  the 
bottom  of  the  cut,  but  they  were  obscured  by  debris  at  the  time  of 
the  examination  (April,  1916).  Dendrites  are  common  along  the 
numerous  cracks  in  the  novaculite  and  are  to  be  found  on  most 
pieces  of  rock  from  the  cut. 

The  marketed  ore  was  hand  picked  and  is  said  to  have  carried 
48.5  per  cent  of  manganese  and  1.75  per  cent  of  iron.  Ore  in  some 
of  the  discarded  rock  could  be  recovered  by  crushing  and  jigging, 
but  the  quantity  is  too  small  to  make  the  installation  of  machinery 
for  this  purpose  worth  while. 

The  trenches  above  the  cut  are  2  feet  wide  and  1^  feet  deep.  The 
lower  one  is  40  feet  long  and  shows  no  manganese  oxide.  The  higher 
one,  which  is  in  line  with  the  lower  and  is  90  feet  long,  shows  brown 
iron  oxide  here  and  there  but  no  manganese  oxide.  A  few  hundred 
pounds  of  the  iron  oxide  has  been  thrown  out,  and  some  single  pieces 
weigh  about  100  pounds.  The  novaculite  beds  in  the  southwest  end 
of  the  upper  trench  are  near  the  base  of  the  upper  division  of  the 
Arkansas  novaculite. 

S.  A.  HAKNA  PROSPECT. 

The  prospect  on  the  land  belonging  to  S.  A.  Hanna  is  1  mile  south 
of  the  village  of  Caddo  Oap,  in  a  narrow  gorge  half  a  mile  west  of 
the  hot  springs  that  issue  in  the  bed  and  edge  of  Caddo  River.  It 
consists  of  a  northward-trending  cut  made  in  1909  or  1910  on  the 
south  side  of  the  gorge  800  feet  above  Caddo  River.  The  cut  is  a 
few  feet  wide  and  20  feet  long,  and  at  its  south  end  is  about  18  feet 
deep.  The  rock  blasted  out  is  hard  white  massive  novaculite  from 
a  bed  near  the  top  of  the  lower  division  of  the  Arkansas  novaculite, 
which  here  dips  50°  N.  45°  E.  Thin  veins  of  psilomelane  and  of  a 
much  smaller  amount  of  brown  iron  oxide,  both  of  which  may  occur 
in  separate  veins  or  together  in  the  same  vein  or  even  in  a  small  hand 
specimen,  occupy  some  of  the  joints  and  bedding  planes  in  the  novac- 
ulite. The  thickest  vein,  which  is  at  the  south  end  of  the  cut,  is 
from  4  to  15  inches  wide  and  dips  70°  S.  50°  £.    Angular  pieces  of 
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Dovaculite  make  up  about  one-fourth  of  this  vein,  and  slickensides 
show  on  the  hanging  wall.  Probably  1  ton  of  psilomelane  has  been 
removed  from  the  cut,  but  no  shipments  have  been  made. 

F&ANK  BBXmSOK  PBOSPECT. 

The^prospect  on  land  belonging  to  Frank  Brunson  is  on  the  crest 
of  8  low  ridge,  near  the  west  line  of  sec  18,  T.  5  S.,  B.  23  W.,  about  1 
mile  north  of  Bosboro.  A  little  blasting  has  been  done  here  in  the 
uppermost  division  of  the  Arkansas  novaculite.  The  small  pit  so 
formed  shows  irregular  nodules  and  seams  of  brown  iron  oxide 
occarring  along  joints  and  bedding  planes.  A  very  small  amount 
of  manganese  o2dde  is  mixed  with  the  iron  oxide. 

WATXIKS-WHITB    FBOSFECTS. 

Three  openings  were  made  in  May,  1916,  by  H.  L.  Watkins  and 
J.  B.  White  on  a  low  ridge  1  mile  west  of  Glenwood.  The  one 
farthest  east  is  a  cut  8  feet  wide,  15  feet  long,  and  8  feet  deep,  on 
the  northeast  slope  of  the  ridge,  about  200  feet  above  Caddo  River. 
It  is  in  the  base  of  the  upper  division  and  the  top  of  the  middle 
division  of  the  Arkansas  novaculite,  which  here  dip  to  the  south  at 
angles  ranging  from  30^  to  40°.  Seams  of  wad  averaging  less  than 
an  inch  in  width  were  found  along  bedding  planes  and  joints  through 
a  3-foot  thickness  of  novaculite,  but  at  one  place  a  pocket  of  wad  3 
feet  long  and  12  inches  wide  at  the  widest  place  was  found.  The 
wad  is  associated  with  psilomelane  and  manganite,  and  most  of  it 
is  mixed  with  clay.  Thin  clay  seams  in  the  northeastern  part  of  the 
cut  contain  brown  iron  oxide  and  a  minute  quantity  of  manganese 
oxide.   Dendrites  in  lacelike  forms  are  common. 

A  pit  12  feet  long  east  and  west,  6  feet  deep,  and  6  feet  wide,  is 
about  700  feet  west  of  the  cut^just  described,  on  the  north  slope  of 
the  ridge  a  few  feet  below  its  crest.  It  is  in  hard  yellow  massive 
novaculite  in  the  upper  division  of  the  Arkansas  novaculite.  Oxides 
of  manganese  and  iron  were  found  in  a  few  seams  a  fraction  of  an 
inch  thick  and  in  a  pocket  4  feet  long  with  a  maximum  thickness  of 
16  inches.  Of  these  oxides  massive  steel-blue  psilomelane,  several 
hundred  pounds  of  which  has  been  placed  on  the  dump,  occurs  in 
greatest  amount.  Some  of  it  has  botryoidal  surfaces,  and  some 
occurs  as  small  stalactite-like  rods.    Dendrites  are  abundant. 

The  third  opening  is  a  very  small  cut  on  the  south  slope  of  the 
ridge  about  100  feet  below  its  crest,  southeast  of  the  pit  just  de- 
scribed. It  is  in  the  upper  division  of  the  Arkansas  novaculite, 
which  is  here  a  soft,  porous  buff-colored  stone.  Veins  of  psilome- 
lane, usually  less  than  an  inch  wide,  ramify  through  the  novaculite 
but  are  most  numerous  in  a  zone  a  foot  wide  striking  across  the  bed- 
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ding  and  dipping  90^.    In  some  places  brown  iron  oxide  is  associated 
with  the  psilomelane. 

Commercial  quantities  of  manganese  ore  have  not  been  exposed  in 
any  of  these  three  openings. 

FIELDS  PBOSPECT. 

The  Fields  prospect  is  a  pit  6  feet  wide,  8  feet  long,  and  3  to  4  feet 
deep,  on  the  southwest  slope  of  a  low  northwestward-trending  ridge 
at  the  east  end  of  Beynolds  Mountain,  in  the  SW.  i  SE.  i  sec.  32, 
T.  4  S.,  R.  24  W.  It  was  made  in  June,  1916,  by  Messrs.  Wright  & 
Horn  on  land  owned  by  B.  C.  Fields.  The  upper  division  of  the 
Arkansas  novaculite  is  exposed  in  the  pit  and  forms  the  ridge  at 
this  locality.  Pockets  of  brown  iron  oxide,  some  of  which  are  sev- 
eral inches  thick,  were  found  along  fissures  in  the  broken  novaculite, 
and  in  places  they  contain  a  small  percentage  of  manganese. 

BEYNOLDS  MOUNTAIN  PBOSPECTS. 

A  very  small  pit  that  in  August,  1916,  was  being  worked  by  Bab- 
bit &  Co.  is  on  the  crest  of  Reynolds  Mountain,  in  the  SW.  \  SW.  J 
sec.  6,  T.  5  S.,  R.  24  W.  Veins  of  psilomelane,  manganite,  and  brown 
iron  oxide  attaining  a  thickness  of  several  inches  show  in  the  massive 
novaculite  in  the  pit  and  for  a  distance  of  100  to  125  feet  west  of  it. 
The  iron  oxide  is  the  most  abundant.  Numerous  needle-like  stalac- 
tites of  it,  some  4  inches  long,  were  found  in  a  vug  2  feet  wide,  8 
inches  high,  and  3  or  4  feet  long.  The  novaculite  at  this  locality  is 
in  the  basal  division  of  the  Arkansas  novaculite  and  dips  40^  or 
50^  S. 

Some  prospectors  have  recently  broken  off  pieces  of  brown  iron 
oxide  from  the  face  of  a  bluff  50  feet  high  on  the  south  side  of  a 
small  stream  at  the  south  base  of  Reynolds  Mountain,  in  the  eastern 
part  of  sec.  1,  T.  5  S.,  R.  25  W..  This  oxide  occurs  as  veins  and 
pockets  in  the  upper  division  of  the  Arkansas  novaculite.  One 
pocket  is  4  feet  long  and  3  or  4  feet  thick.  No  manganese  oxide  was 
seen  here  by  the  writer. 

FAGAN   MINE. 

The  Fagan  mine  is  on  the  head  of  Cowlick  Branch,  in  sec.  9,  T. 
6  S.,  R.  25  W.  The  workings,  which  are  near  the  level  of  the  branch 
where  it  flows  through  a  water  gap,  consist  of  a  north-south,  badly 
caved  cut  60  feet  long  on  the  west  side  of  the  branch  and  a  pit  a  few 
feet  east  of  the  branch.  The  cut  was  made  several  years  ago.  Some 
work  was  done  in  the  pit  in  1916  by  Will  Fagan  and  some  was  done 
later  in  the  same  year  by  Edgar  &  Co.,  but  work  by  this  company  was 
discontinued  on  the  day  of  the  writer's  examination  (Aug.  8, 1916). 
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The  cut  is  in  vertical  beds  neur  the  base  of  the  Arkansas  novaculite, 
but  it  has  caved  so  much  that  no  ore  is  visible.  The  pit  is  12  feet 
s<)uare  and  14  feet  deep,  and  the  bottom  is  4  or  5  feet  below  the  bed 
of  the  branch.  The  novaculite  into  whicli  it  has  been  simk  is  only 
about  20  feet  south  of  the  contact  of  the  Arkansas  novaculite  with 
the  Klissouri  Mountain  slate,  which  is  exposed  in  the  branch  to  the 
north,  and  the  rock  is  so  open  from  shattering  that  frequent  vigorous 
bailing  was  necessary  to  keep  the  water  out.  A  northeastward- 
trending  zone  of  this  shattered  novaculite  10  feet  wide  and  contain- 
ing in  places  thin  veins  of  crystalline  mangimitc  has  been  uncovered 
far  30  feet  in  the  northwest  half  of  the  pit  and  in  a  trench  leading 
from  it.  Associated  with  the  manganite  is  a  small  quantity  of  stalac- 
tilic  and  botryoidal  brown  iron  oxide.  The  manganite  makes  up 
only  a  small  percentage  of  the  rock  mass,  and  to  recover  it 
«im!d  I'equire  crushing  and  jigging, 
which  probably  would  not  be  profitable. 

BEAB  uomrrAiN  fbokpect. 

A  cut  made  on  the  Rose  placer-min- 
ing claim  in  May,  1916,  by  the  Missis- 
sippi Valley  Iron  Co.,  is  on  the  westend 
of  Bear  Mountain,  9  miles  in  a  straight 
line  west  of  Glenwood,  and  is  2o  feet 
above  Self  Creek,  which  here  flows 
southward  through  a  gap  at  the  westend 
of  the  mountain.  The  cut  is  14  feet 
s'luare  and  on  the  east  side  shows  a  10- 
foot  vertical  face  of  massive  shattered 
novaculite  that  has  been  bent  into  an 
anticline  whose  axis  trends  eastward.  Slickensides  were  observed 
in  places.  Three  lenses  of  manganese  oxide,  the  largest  6  inches 
ifuk.  lie  along  bedding  planes  (fig.  6),  and  at  two  places  man- 
ganese and  iron  oxides  occur  in  thin  films  ramifying  through  the 
novaculite  and  penetrate  the  novaculite  away  from  the  films.  A 
few  hundred  pounds  of  manganese  oxide  consisting  of  psilomelano 
Innded  with  a  very  small  amount  of  manganite  has  been  piled  on  the 
dump. 

BBtrSHT   HOUm;AIN    PB0SPECT3. 

Four  cuts  on  Brushy  Mountain,  in  the  S.  i  SW.  i  SW.  i  sec.  5,  T. 
5  S..  R,  25  W.,  were  made  in  May,  1916,  by  the  Mississippi  Valley  Iron 
fo-  The  principal  one  is  4.5  feet  long,  from  7  to  14  feet  wide,  and 
8  feet  deep  at  the  deepest  place  and  is  on  the  south  slope  of  the 
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mountain  40  feet  above  Self  Creek.  It  is  in  massive  novaculite  dip- 
ping 25^  or  30""  S.y  on  the  south  side  of  a  small  westward-plunging 
anticline.  A  bed  of  conglomerate  overlying  the  massive  lower  divi- 
sion of  the  Arkansas  novaculite  is  exposed  at  the  north  end  of  the 
cut.  A  zone  of  novaculite  breccia,  from  1  foot  to  3^  feet  thick  is 
exposed  on  the  west  side  of  the  cut  and  on  part  of  the  east  side.  The 
novaculite  fragments  are  cemented  together  by  a  much  less  quantity 
of  hard  steel-blue  psilomelane,  which  in  places  occurs  in  stalactite- 
like rods  and  in  places  has  botryoidal  surfaces.  Some  pockets  of 
psilomelane  are  found  in  this  zone,  but  the  largest  ones  are  only  a 
few  inches  wide,  and  few  exfeeed  a  foot  in  length.  Below  this  zone 
there  are  coatings  of  psilomelane  along  some  of  the  bedding  planes 
and  stains  of  it  along  some  cracks  in  the  novaculite.  Dendrites  are 
common.  Several  hundred  pounds  of  psilomelane  free  of  rock  has 
been  placed  on  the  dump. 

A  second  cut  18  feet  long  from  east  to  west,  2  to  3  feet  deep, 
and  2  to  4  feet  wide  is  on  the  north  bank  of  Self  Creek  75  feet 
southwest  of  the  cut  just  described.  It  is  in  massive  crushed  no- 
vaculite dipping  to  the  southwest  and  west,  on  the  southwest  slope 
of  the  small  anticline  mentioned  in  the  preceding  paragraph.  A 
small  quantity  of  psilomelane  cements  together  fragments  of  no- 
vaculite or  occurs  as  veins  an  inch  or  less  thick. 

A  third  cut,  10  feet  wide,  15  feet  long,  and  5  feet  deep  on  the 
upper  side  is  150  west  of  the  first  one  described  and  at  about  the 
same  height  above  Self  Creek  as  that  cut.  The  highest  bed  ex- 
posed in  the  cut  is  a  flat-lying  conglomerate  3  feet  thick,  which  is 
the  same  bed  as  the  one  exposed  at  the  north  end  of  the  first- 
described  cut.  Brown  iron  oxide  is  found  as  veins  along  joints 
in  this  conglomerate  and  as  cementing  material  in  a  bed  of  breccia 
2  to  3  feet  thick  below  the  conglomerate.  A  minute  quantity  of 
manganese  oxide  is  mixed  with  the  iron  oxide,  and  some  dendrites 
are  present.  The  prospect  is  on  the  nose  or  west  end  of  the  small 
westward-plunging  anticline. 

The  fourth  cut  is  20  feet  long  from  north  to  south,  6  feet  wide, 
and  1  to  2  feet  deep  and  is  50  or  60  feet  northwest  of  the  third 
one.  It  is  northwest  of  the  westward-plunging  anticline  in  this 
vicinity  and  merely  lays  bare  the  upper  surface  of  the  above- 
mentioned  conglomerate,  which  dips  the  same  as  the  slope — that  is, 
25®  S.    No  manganese  oxide  was  found  here. 

It  is  obvious  from  the  above  descriptions  of  the  four  openings 
that  manganese  oxide  occurs  only  in  small  quantity  at  this  locality 
and  will  probably  not  be  found  to  increase  in  quantity  with  increas- 
ing depth. 
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W.  T.  WHITE  PB03FECT. 

A  pit  was  made  in  June,  1916,  by  W.  T.  White  well  up  on  the 
south  slope  of  Warm  Spring  Mountain,  in  the  eastern  part  of 
sec.  11,  T.  5  S.,  R.  26  W.  It  is  L  sliaped,  with  each  arm  8  feet 
long,  and  is  8  feet  deep  in  the  deepest  part.  The  novaculite  ex- 
posed near  by  dips  55°  N.  10°  W.  and  is  near  the  top  of  the  lower 
division  of  the  Arkansas  novaculite.  A  mixture  of  brown  and  red 
oxides  of  iron  and  of  novaculite  fragments  embedded  in  clay  is 
exposed  in  the  pit  and  for  10  feet  west  of  it.  At  only  one  place  in 
the  pit  do  these  oxides  look  as  if  they  might  contain  a  small  per- 
centage of  manganese,  and  at  another  place  they  contain  a  minute 
quantity  of  brown  altered  dufrenite.  Although  a  few  hundred 
pounds  of  iron  oxide  has  been  removed  from  the  pit,  it  does  not 
occur  in  sufficient  quantity  to  be  mined  with  profit. 

N.  F.  WHITE  FBOSFECT. 

Three  very  small  openings  on  the  mountain  side  400  or  500  feet 
southwest  of  the  W.  T.  White  pit  were  made  in  June,  1916,  by 
X.  F.  White,  in  the  massive  novaculite  in  the  upper  division  of 
the  Arkansas  novaculite,  whose  beds  here  dip  90°.  A  few  seams 
of  psilomelane  and  manganite  an  inch  or  less  thick  occur  along 
bedding  planes  and  joints,  and  some  manganese  oxide  penetrates 
the  novaculite  for  a  fraction  of  an  inch. 

&ATTLESKAXE   FBOSFECT. 

The  Rattlesnake  prospect  is  on  Redland  Moimtain,  on  the  west  side 
of  sec.  9,  T.  5  S.,  R.  26  W.  It  consists  of  a  cut  85  feet  long,  from  2  to 
6  feet  deep,  and  extending  from  north  to  south  across  the  crest.  Mas- 
sive novaculite  dipping  60°  S.  and  belonging  in  the  lower  division 
of  the  Arkansas  novacidite  is  exposed  in  the  south  end  of  the  cut  for 
a  distance  of  35  feet.  A  few  widely  separated  veins  of  steel-blue 
psilomelane  and  brown  iron  oxide,  which  occur  together,  even  in  the 
same  part  of  a  vein,  were  found  in  the  novaculite.  These  minerals 
penetrate  the  novaculite  to  a  depth  of  a  fraction  of  an  inch.  The 
largest  vein,  which  is  from  2  to  9  inches  wide,  occupies  a  joint  dip- 
ping to  the  north  and  contains  some  pieces  of  novaculite. 

Green  shale  and  thin-bedded  flint  were  penetrated  for  a  distance 
of  30  feet  just  north  of  the  massive  novaculite,  from  which  they  are 
separated  by  a  foot  of  manganiferous  and  ferruginous  slate.  The 
rest  of  the  cut  is  in  massive  novaculite  that  shows  no  ore. 

The  work  at  this  locality  was  done  in  May,  1916,  by  the  Mississippi 
Valley  Iron  Co. 
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STILL  MIKE. 

The  Still  mine  is  on  the  southwest  slope  of  Hogpen  Mountain,  a 
peak  in  the  northwest  corner  of  T.  5  S.,  R.  26  W.  It  receives  its  name 
from  the  ruins  of  a  "moonshine"  still  on  Hogpen  Branch,  which 
flows  southward  along  the  west  base  of  the  mountain.  Work  was 
being  done  here  at  the  time  of  the  examination  (Aug.  6, 1916)  by  the 
Mississippi  Valley  Iron  Co.  The  workings  consist  of  a  tunnel  and  a 
T-shaped  cut  75  feet  above  Hogpen  Branch.    (See  fig.  6.) 

The  north-south  part  of  the  cut  is  in  thin-bedded  vertical  novacu- 
lite,  between  whose  layers  are  seams  of  clay.  These  beds  are  at  the 
base  of  the  middle  division  of  the  Arkansas  novaculite  and  contain 
a  very  small  quantity  of  brown  iron  oxide  and  a  short  vein  of  fer- 
ruginous manganese.  The  east- 
west  part  of  the  cut,  about  25  feet 
deep,  and  the  tunnel  are  in  massive 
beds  of  hard,  shattered  novaculite, 
striking  east  and  dipping  almost 
90°.  These  beds  are  at  the  top  of 
the  lower  divisio^i  of  the  Arkansas 
novaculite  and  show  irregular  veins 
and  pockets  of  ore  mixed  with  clay. 
Some  of  the  veins  and  pockets  are 
as  much  as  6  inches  thick  and  a  few 
18  inches,  but  they  make  up  only  a 
small  portion  of  the  rock  mass. 
Most  of  the  ore  is  wad  and  is 
free  of  rock,  but  some  is  psilomelane 
and  a  little  is  manganite,  which  is 
usually  disseminated  through  the  psilomelane.  Dendrites  are 
common  along  cracks  in  the  novaculite. 

A  pit  to  the  west  is  50  feet  above  Hogpen  Branch  and  was  partly 
filled  with  water  at  the  time  of  visit.  The  south  end  is  in  thin- 
bedded  novaculite,  and  the  north  end  in  massive  novaculite,  which 
belong  to  the  middle  and  lower  divisions  of  the  Arkansas  novacu- 
lite, respectively.  The  beds  in  the  two  divisions  strike  east,  dip  90°, 
and  are  separated  by  a  3-foot  bed  of  conglomerate  composed  of 
round  and  subangular  pebbles  of  novaculite  in  a  sandy  and  dense 
flinty  matrix.  Films  of  iron  and  manganese  oxides  occur  through 
the  novaculite,  but  no  veins  are  visible. 

About  37  long  tons  of  ore  as  taken  from  the  mine  without  wash- 
ing or  other  preparation  was  hauled  to  Glenwood,  20  miles  away, 
and  then  shipped  to  the  company's  iron  furnaces  in  St.  Louis,  where 
it  was  used  to  raise  the  manganese  in  pig  iron  above  1  per  cent.    A 
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Figure  6. — Plan  of  StUl  mine  on  Hog- 
pen Mountain,  Pike  County,  Ark. 
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fews  tons  of  ore,  consisting  mainly  of  wad  mixed  with  much  clay, 
still  remains  on  the  ore  pile.  Better  transportation  over  a  proposed 
logging  spur  to  be  built  within  1^  miles  of  the  mine  was  expected 
within  a  few  months  after  the  writer^s  visit,  but  mining  at  this 
place  has  since  been  discontinued,  the  reason  given  being  that  the 
results  were  disappointing  both  as  to  the  quality  and  quantity  of  the 
ore.*  Analyses  of  the  ore  shipped,  given  on  page  82,  show  that  the 
phosphorus  content  is  too  high  and  the  manganese  content  too  low 
for  use  in  the  manufacture  of  ferromanganese. 

PBOSFECT  NO.   3. 

Prospect  No.  3  of  the  Mississippi  Valley  Iron  Co.  is  on  the  south 
slope  of  Hogpen  Mountain,  about  750  feet  east  of  the  Still  mine 
and  200  feet  higher  on  the  mountain.  Work  was  begun  here  August 
1, 1916,  and  at  the  time  of  examination,  five  days  later,  a  cut  15  feet 
long,  3  to  4  feet  deep,  and  5  to  6  feet  wide  had  been  made.  Most 
of  the  cut  was  in  red  clay,  but  the  north  end  showed  some  massive 
novaculite  that  was  penetrated  by  thin  films  of  manganese  oxide. 
This  novaculite,  like  the  massive  novaculite  in  the  Still  mine,  is  at 
the  top  of  the  lower  division  of  the  Arkansas  novaculite.  Psilom- 
elane  associated  with  a  minor  amount  of  wad  and  some  brown 
iron  oxide  was  found  in  red  clay  for  a  north-south  distance  of  7 
feet.  One  boulder,  weighing  300  or  400  pounds  and  said  to  have 
been  exposed  on  the  surface,  thus  furnishing  a  reason  for  making 
the  cut  here,  was  rolled  down  the  mountain  and  shipped  with  the  ore 
from  the  Still  mine.  If  further  work  should  prove  that  this 
manganese-bearing  clay  maintains  a  width  of  7  feet  at  depth  and  for 
some  distance  on  the  surface,  this  would  be  a  promising  prospect. 

FBOSFECT  NO.   2. 

Prospect  No.  2  of  the  Mississippi  Valley  Iron  Co.  consists  of  a 
cut  on  the  south  slope  of  Hogpen  Mountain  about  120  feet  east 
of  prospect  No.  3.  The  work  was  done  in  June,  1916.  The  cut 
extends  60  feet  N.  20°  W.  into  the  mountain,  and  is  25  feet  deep 
at  its  north  end.  Its  south  end  is  in  the  middle  part  of  the  Arkansas 
novaculite,  and  the  north  end  in  the  lower  part,  both  of  which  dip 
80°  or  85°  S.  The  middle  part  of  the  formation  consists  of  novacu- 
lite, usually  in  thin  layers  interbedded  with  clay.  The  lower  part, 
which  is  exposed  for  24  feet  at  the  north  end  and  which  is  sepa- 
rated from  the  middle  part  by  a  conglomerate,  consists  of  nodules, 
layers,  and  lenses  of  jointed  novaculite  interbedded  with  much  clay. 
Small  pockets  and  veins  of  wad  mixed  with  clay  ramify  through 

1  Letter  dated  Dec.  6,  1910,  from  the  Mississippi  Valley  Iron  Co. 
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the  whole  bed,  but  they  constitute  a  very  small  percentage  of  the 
bulk  of  the  rock,  and  none  of  them  exceed  a  few  inches  in  thick- 
ness.  A  few  hundred  pounds  of  wad  has  been  placed  on  the  dump. 

BISNEB  MOUNTAIN  FBOSPECTS. 

Eisner  Mountain  is  a  short  ridge  west  of  Hogpen  Mountain,  from 
which  it  is  separated  by  the  gorge  through  which  Hogpen  Branch 
flows.  Two  north-south  cuts  were  made  on  it  in  July,  1916,  by  the 
Mississippi  Valley  Iron  Co.  One  of  these,  34  feet  long  and  4  feet 
deep,  is  on  the  southeast  slope  about  300  feet  above  Hogpen  Branch, 
a  quarter  of  a  mile  southwest  of  the  Still  mine.  The  south  end  has 
been  blasted  in  massive  novaculite  at  the  top  of  the  Arkansas 
novaculite,  and  the  north  end  in  thin-bedded  novaculite  interbedded 
with  clay.  Iron  oxide  in  thin  films  is  the  only  mineral  observed 
in  the  cut,  but  several  pounds  of  brown  iron  oxide  and  a  few  pieces 
of  novaculite,  to  which  a  little  psilomelane  adheres,  were  seen  on 
the  dump.  The  iron  and  manganese  oxides  penetrate  the  novaculite 
to  a  depth  of  half  an  inch  along  some  of  the  cracks. 

The  other  cut,  known  as  prospect  No.  4,  is  on  the  south  slope  of 
the  mountain,  northwCvSt  of  the  one  just  described  and  about  100 
feet  higher.  It  is  42  feet  long  and  at  its  north  end  is  20  or  25 
feet  deep.  Its  south  end  is  in  conglomerate  and  thin-bedded 
novaculite.  This  conglomerate  is  the  same  bed  as  that  found  in 
the  pit  near  the  Still  mine  and  in  prospect  No.  2,  on  Hogpen 
Mountain.  The  rest  .of  the  cut  is  in  massive  jointed  novaculite 
dipping  65®  S.,  some  of  which  occurs  as  nodules  and  lenses.  A  few 
veins  of  wad,  brown  iron  oxide,  and  ferruginous  manganese  oxide 
mixed  with  much  clay  were  found  near  the  south  end  of  the  cut 
north  of  the  conglomerate.  They  are  thickest  thoough  a  north-south 
distance  of  7  feet,  but  even  there  they  are  only  a  few  inches  thick 
and  constitute  only  a  small  part  of  the  rock  mass.  Farther  north 
are  thinner  veins  of  manganese  oxide  associated  with  red  and  yellow 
clay  along  bedding  planes  and  joints.  Dendrites  are  abundant 
along  cracks  in  the  novaculite.  Only  a  small  quantity  of  manganese 
oxide  was  found  in  the  cut,  and  all  was  thrown  away  with  the 
waste  except  100  or  200  pounds  that  was  placed  in  a  pile.  In  this 
pile  are  pieces  of  iron  oxide  and  psilomelane  containing  manganite. 
The  manganese  minerals  in  this  cut  are  at  the  same  horizon  as  in 
the  Still  mine  and  in  prospects  Nos.  2  and  3,  namely,  at  the  top  of 
the  massive  novaculite  that  makes  up  the  lower  division  of  the 
Arkansas  novaculite. 

B.   M.   COGBUBN  PROSPECT. 

The  prospect  of  E.  M.  Cocjburn  is  on  the  crest  of  Brooks  Mountain, 
in  the  eastern  part  of  sec.  3,  T.  5  S.,  E.  26  W.    The  only  work  done 
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here  has  been  the  overturning  of  a  few  boulders  of  novaculite  by 
means  of  crowbars.  Veins  and  pockets  of  psilomelane  a  few  inches 
thick  show  on  these  boulders. 

A  little  prospecting  is  said  to  have  been  done  at  other  places  on 
Brooks  Mountain,  but  the  writer  did  not  examine  the  openings. 

BUD  HILL  PROSPECT. 

An  exposure  of  "  bog  ore  "  in  which  a  little  digging  has  been  done 
is  on  Bud  Hill's  land,  in  the  north-south  wagon  road  half  a  mile 
southwest  of  Fancy  Hill  post  office.  The  deposit  crops  out  for  about 
150  feet  along  the  road  and  overlies  thin-bedded  novaculite  in  the 
middle  division  of  the  Arkansas  novaculite,  some  pieces  of  which  are 
embedded  in  it.  The  deposit  probably  does  not  exceed  a  few  feet  in 
thickness.  Iron  oxide  is  being  deposited  by  two  small  springs 
that  issue  from 
the  "  bog  ore," 
which  is  itself 
probably  a  spring 
deposit. 
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A  number   of 

openings    were       figure  l. — sketch  map  Bbowlng  the  location  of  rnont  of  the 
°  Janes  prospects,  Montgomery  County,  Ark.     Numbers  refer 

made   from   Feb-  to  openings  described  in  the  text. 

ruary    to    June, 

1916,  by  M.  A.  Janes  on  a  low  ridge  in  the  eastern  part  of  sec.  19,  T.  5  S., 
R.  25  W.  (See  fig.  7.)  The  upper  division  of  the  Arkansas  novacu- 
lite, here  about  50  feet  thick,  forms  the  crest  of  the  ridge.  It  consists 
of  massive  jointed  novaculite,  which  strikes  parallel  with  the  direc- 
tion of  the  ridge  and  dips  at  angles  exceeding  65°.  The  openings 
are  described  and  numbered  in  the  order  in  which  they  were  exam- 
ined, beginning  at  the  east. 

A  6J-foot  bed  of  novaculite  in  the  north  end  of  pit  No.  1,  which 
is  16  feet  long,  9  to  10  feet  wide,  and  2  to  6  feet  deep,  contains  irregu- 
lar veins  of  manganese  oxide  that  in  places  reach  a  maximum  thick- 
ness of  12  inches,  but  if  they  were  all  put  together  their  average 
^^ggregate  thickness  across  the  pit  would  not  exceed  10  inches.  Two 
thin  veins,  one  of  which  is  3  inches  thick,  occur  farther  south. 
Dendrites  and  other  manganese  stains  along  joints  are  common. 
The  other  manganese  minerals  are  wad,  manganite,  and  psilomelane, 
the  last  two  predominating. 

Pit  No.  2,  12  feet  wide,  18  feet  long,  and  2  to  3  feet  deep,  reveals 
two  veins  of  mixed  manganese  and  iron  oxides  parallel  with  the 
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bedding.  The  northern  vein  is  from  12  to  18  inches  wide;  the  south - 
em  one  is  thinner.  About  2  tons  of  these  oxides  has  been  removed 
from  the  pit  and  placed  on  the  dump. 

Pit  No.  3,  10  feet  long,  3  to  4  feet  wide,  and  2  to  3^  feet  deep, 
shows  a  small  quantity  of  psilomelane  which  on  the  east  side  occurs 
in  a  19-inch  vein  of  clay  between  layers  of  novaculite  and  which 
on  the  west  side  occurs  as  two  veins,  each  2  inches  wide,  and  as 
fragments  in  surface  clay.  The  psilomelane  is  comparatively  free 
of  iron  oxide.    About  half  a  ton  of  it  has  been  removed  from  the  pit. 

Pit  No.  4,  6  feet  long,  4  feet  wide,  and  3  feet  deep,  shows  veins 
and  pockets  of  psilomelane  1  foot  in  maximum  width,  in  which  there 
are  pieces  of  novaculite.  The  psilomelane  placed  on  the  dump  weighs 
about  500  pounds.  One  piece  alone  weighs  about  ioO  poimds.  A  very 
small  pit  50  feet  southwest  of  pit  No.  4  has  yielded  100  pounds  of 
psilomelane  and  manganite,  and  two  small  ones  about  midway  be- 
tween pits  Nos.  3  and  4  have  yielded  25  or  30  pounds  of  psilomelane. 

A  group  of  adjoining  pits  and  cuts  (prospect  No.  5),  all  within  an 
area  30  feet  long  from  east  to  west  and  14  feet  wide,  reveals  three 
manganese  veins.  One  of  these  is  from  3  to  6  inches  wide ;  another, 
which  is  exposed  for  a  distance  of  6  feet,  attains  a  maximmn  width 
of  15  inches;  and  the  third,  which  is  exposed  for  a  distance  of  10 
feet,  is  20  to  22  inches  wide  and  at  the  east  end  of  the  exposure  con- 
tains some  fragment^  of  novaculite.  The  three  veins  are  composed 
almost  entirely  of  psilomelane ;  the  rest  is  brown  iron  oxide  and  man- 
ganite.   Probably  3  tons  of  these  oxides  lie  on  the  dump. 

The  largest  visible  vein  of  manganese  in  pit  No.  6,  which  is  12  feet 
long,  6  feet  wide,  and  2  to  5  feet  deep,  is  2  inches  wide,  but  several 
hundred  pounds  of  psilomelane  lying  on  the  dump  is  said  to  have 
been  removed  from  surface  clay.  A  pocket  of  manganese  oxide 
8  inches  wide  is  exposed  12  to  15  feet  northeast  of  pit  No.  6,  and  a 
14-inch  vein  of  brown  iron  oxide  is  exposed  about  20  feet  west  of  pit 
No.  5. 

A  few  blasts  at  prospect  No.  7  have  been  made  on  an  outcrop  of 
brown  iron  oxide  mixed  with  some  psilomelane.  These  minerals 
occur  in  a  vein  that  ranges  from  3  inches  to  over  3  feet  in  width  and 
is  exposed  for  an  east- west  distance  of  10  feet. 

Pit  No.  8,  6  feet  long,  2^  feet  wide,  and  1  to  3  feet  deep,  shows  a  20- 
inch  vein  of  soft  and  hard  manganese  oxides  containing  some  red 
clay  and  a  few  fragments  of  novaculite.  A  boulder  of  solid  psilom*- 
elane  that  protruded  above  the  surface  20  feet  west  of  this  pit  has 
been  dug  up.    It  weighs  about  175  pounds. 

Parts  of  the  deposit  just  described  might  possibly  be  worked  on  a 
small  scale. 

Another  pit  made  in  July,  191G,  by  Mr.  Janes  is  well  up  the  south 
slope  of  Caddo  Mountain,  near  the  west  line  of  sec.  19,  T.  5  S.,  E. 
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2o  W.  It  is  8  feet  long,  2  to  3  feet  wide,  and  at  the  north  end  3  feet 
deep.  It  is  in  massive  novaeulite  at  the  very  top  of  thfe  lower  division 
of  the  Arkansas  novaeulite,  which  here  dips  85°  N.  Small  pieces  of 
psilomelane  were  found  in  surface  clay,  and  outcrops  of  this  mineral 
were  observed  on  protruding  ledges  of  novaeulite  for  a  distance  of 
fully  200  feet  west  of  the  pit 

CADDO   MOXTNTAIN   FBOSFECT. 

A  cut  15  feet  long,  4  feet  wide,  and  1  to  3  feet  deep  was  made  a 
number  of  years  ago  about  450  feet  east  of  the  forest  ranger's  tower 
that  is  on  the  highest  point  of  Caddo  Mountain,  northeast  of  Fancy 
Hill  post  office.  It  is  just  south  of  the  trail  leading  east  along  the 
crest  of  the  mountain.  Some  of  the  novaeulite  boulders  that  were 
thrown  out  of  the  cut  are  brecciated  and  the  fragments  are  cemented 
together  with  narrow  veins  of  psilomelane. 

A  number  of  openings  are  said  to  have  been  made  along  the  crest 
west  of  the  ranger's  tower,  but  they  were  not  visited. 

BOBEBT   POBTEB   FBOSFECT. 

The  Robert  Porter  prospect  is  on  the  north  slope  near  the  crest  of 
a  hill  at  the  north  base  of  Fancy  Hill  Mountain,  in  the  northern  part 
of  sec.  28,  T.  4  S.,  E.  26  W.,  and  is  about  200  feet  above  South  Fork. 
The  workings  consist  of  two  cuts  made  in  the  spring  and  summer  of 
1916.  The  lower  cut  is  9  feet  long  from  north  to  south,  3  to  4  feet 
wide,  and  1  to  1^  feet  deep,  and  the  other,  which  is  on  the  slope  just 
above  it,  is  20  feet  long,  3  to  7  feet  wide,  and  1  to  4  feet  deep.  Tlie 
massive  beds  of  the  upper  division  of  the  Arkansas  novaeulite  form 
the  crest  of  this  hill  and  dip  60**  N. 

The  manganese  deposit  revealed  in  the  cuts  and  in  exposures  on 
either  side  consists  largely  of  boulders  of  iron  and  manganese  oxides 
lying  on  the  surface.  These  boulders  appear  to  have  been  once  a 
part  of  a  surficial  layer  from  a  few  inches  to  18  inches  thick  which 
was  probably  deposited  from  an  extinct  spring  that  issued  at  this 
locality.  They  are  found  within  a  north-south  distance  of  30  feet, 
and  some  were  seen  along  the  slope  for  a  distance  of  100  feet  west  of 
the  cuts,  but  their  size  decreases  toward  the  west. 

A  4-foot  vein  of  ore  occurs  in  the  novaeulite  at  one  place  in  the 
upper  cut,  and  much  thinner  veins  were  seen  in  near-by  outcrops  of 
the  novaeulite. 

The  deposit  is  well  described,  as  follows,  by  Penrose:^ 

The  manganese  ore  Is  a  hard,  black  variety,  and  the  iron  is  In  the  form 
of  a  bright  vitreous  brown  ore,  often  having  a  honeycombed  structure.  The 
two  are  intimately  mixed  together,  the  iron  being  much  the  more  plentiful; 


1  Penrose,   R.   A.   F.,   Jr.,    op.    cit.,   pp.    349-350. 
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tmd  Roniet lines  nodules  of  munffanene,  from  a  frnotion  of  an  Inch  to  1  loch  Id 
diameter,  arc  cemented  in  a  matrix  of  inm  ore.  Sometimes  the  ores  are  com- 
imratively  free  from  any  admixture  of  nn'lc,  and  at  otiier  tlines  they  form  tbr 
cement  of  a  novaculite  breccia.     ♦     ♦    ♦ 

The  deiKmit  n^presents  a  poclcet  of  ore  much  lanser  tlian  Is  usually  aeen  in 
the  ^ay  novaculite,  but,  as  sho^i-n  by  the  nccomimnying  analysts.  It  is  of 
IKK>r  quality  tor  use  In  tlie  manufacture  of  sitieeeleisen  and  ferromanganeie 
on  account  of  Its  high  percentage  of  ])ho8plioruM ;  and  Its  asmxriatlon  with  Inio 
renders  It  undesirable  for  many  chemical  purinises.  Its  high  percentage  of 
iMToxide  of  niangan(*s4»,  however,  w(»uld  f<ir  some  ]mri)osea  couuterbalance  the 
latter  ditfa<lvanta}:i\ 

AnaljfHis  of  mangawne.  ore  from   Fancy  J  fill  .Uot/n/tiiN,  Montgomery  Counijf. 

IK.  N.  nruckrtt.  nimlyKt.) 

Manjranes*^ ._.   ._    48.02 

Iron _-. n.K> 

Silica _    _   .      _     .K> 

Pliosphnnis. ...    .. .31 

Man;;anese  ]H>rnxlde,  7 1.7.' J. 

CADY  PROSPECT. 

The  Cady  prospect  is  alx)ut  150  fwt  above  South  Fork,  on  the 
north  sl<)i)e  of  a  low  hill,  about  a  quarter  of  a  mile  east  of  the  Robert 
Porter  prospect.  It  consists  of  two  cuts  maile  in  the  spring  and 
summer  of  11)10.  The  hill  is  formed  by  the  massive  IkkIs  of  the  upper 
division  of  the  Arkansas  novaculit<»,  which  here  dii)s  00°  N.  The 
larger  cut,  11  feet  h)ng,  S  feet  wide,  and  5  feet  deej)  on  the  south  side, 
contains  a  pocket  of  clay  that,  althou<i:h  partly  removed,  appears  to  be 
5  feet  long,  3^  feet  wide,  and  *)  feet  thick.  Botryoidal  and  stalactitic 
psilomelane  and  a  smaUer  (jiiantity  of  manganite  aixi  eml)edded  in  the 
clay.  Probably  half  a  ton  of  these  manganese  minerals  has  been 
taken  out  and  placed  on  the  dump. 

A  smaller  cut,  *\  feet  long,  2h  feet  wide,  and  1\  feet  deep,  is  25  feet 
west  of  the  one  just  described.  It  is  in  surface  clay  and  roc*k  debris 
and  has  yielded  500  pounds  or  more  of  j)silomelane,  one  piece  of 
which  weighs  nearh'  ir>0  jKJunds. 

W.   R.  PORTER  PROSPECT. 

The  prospect  of  W.  K.  Porter  is  on  the  south  slope  of  Bald  Moun- 
tain, about  400  feet  above  its  basi%  in  sit.  17,  T.  4  S.,  R.  20  W.  It 
consists  of  a  small  cut  made  in  Jinie.  IJUT),  in  the  top  of  the  lower 
division  of  the  Arkansas  novaculite,  which  here  dips  50°  S.  Stains, 
thin  veins,  and  pockets  of  manganese  and  iron  oxides  were  found  in 
the  novaculite  and  in  clay,  and  a  few  veins  show  on  large  boulders 
of  novaculite,  of  which  some  are  near  their  parent  ledge,  but  others 
have   rolled   down   the   mountain   side.     A   vein   of   hard,   compact 
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psilomelane  is  exposed  on  a  ledge  of  novacuHte  125  feet  west  of  the 
ruL  The  vein  in  the  lower  part  of  the  exposure,  where  it  passes 
beneath  surface  material,  is  16  inches  thick,  but  4  feet  away  in  the 
upper  part  of  tlie  exposure  it  is  only  a  fraction  of  an  inch  thick. 

NOSTH  XOUNTikZH  KINR 

North  Mountain  is  a  local  name  given  to  a  broken  noraculite  ridge 
in  the  northern  part  of  T.  4  S.,  R.  27  W.,  near  the  headwaters  of 
Little  Missouri  River.  It 
is  a  part  of  Stat«house 
Mountain,  shown  on  the 
Cuddo  Gap  topographic 
map. 

A  mang:anese  deposit  on 
the  south  slope  of  North 
Mountain  is  being  exten- 
sively explored  by  Edgar 
ft  Co.,  who  have  erected 
an  air-compressing  plant 
at  the  mouth  of  the  lower 
tunnel   and   a  sawmill   at  '  ""•'*  ^tjnmi 

the  base  of  the  mountain,  J  f"^'  ^^**« 

and    have    been    working 

here  since  early  in  May,  sb-ih,  .nd*?'o»>.«di 

1916.     (See  fig.  8.)     The  ^^^^^  ^^ 

first  opening  at  this  local-  Mn-InwiiE*. 

ity  consisted  of  a  pit 
blasted  out  almost  30  years 
ago  by  a  Mr.  Bums,  who 
shipped  4  tons  of  ore.  •}....      y"'*** 

The  deposit   occurs  in 

iKo  In^.._  .}n..;r.;»»  «*  1-1,™  FiolTRB  B. — Sketch  geolosic  map  Bbowlng  worklDss 
the  lower   division   of   the  „„  ^„n,  „„p^  ^,  ^^^^  Mountain,  MoDlgomelr 

Arkansas  novaculite,   and         County,  Ark. 
akhough  it  is  on  the  south 

side  of  a  closely  compressed  easterly  anticline,  the  stnicture  is  com- 
plicated by  a  minor  anticline  just  northeast  of  the  deposit.  (See 
figs.  8  and  9.)  The  crest  of  the  mountain  north  of  the  workings  is 
iSO  feet  above  the  wagon  road  at  the  south  base  of  the  mountain. 
The  lower  tunnel,  which  is  10  feet  wide  and  7  feet  high,  is  250  feet 
above  this  road  and  was  about  2O0  feet  long  at  the  time  of  the 
writer's  examination  (Aug.  4,  1916).  It  passes  through  the  base 
of  the  Stanley  shale  and  the  upper  division  of  the  Arkansas  novacu- 
lite and  at  a  distance  of  200  feet  buck  into  the  mountain  is  in  the 
middle  division  of  the  formation,  which  consists  of  hard  layers 
of  novaculite  and  black  shale.     This  tunnel  is  being  driven  into 
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tbe  mountain  to  determine  the  downward  extent  of  the  exposed 
manganese  deposit.  The  only  manganese  found  before  the  exami- 
nation consists  of  thin  fihns  in  the  upper  division  of  the  novacu- 
lite,  but  a  recent  communication '  states  that  an  8- foot  vein  of  solid 
manganese  was  found  about  615  feet  from  the  mouth  of  the  tunnel. 
Native  copper  is  also  reported  to  have  been  found  at  places  in  this 
tunnel.  Specimens  sent  to  the  writer  by  R.  Lowery,  of  Albert,  Ark., 
consist  of  broken  pieces  of  novaculite  and  quartz  cemented  together 
by  films  of  chalcedony  in  which  are  small  particles  of  native  copper. 
The  chalcedony  is  stained  bluish  green  by  a  minute  quantity  of 
chrysocolla,  a  copper  silicate 
combined  with  some  water. 

The  middle  tunnel  is  166 
feet  above  the  lower,  or  416 
feet  above  the  base  of  the 
mountain,  and  at  the  time  of 
visit  was  35  feet  long.  .  The 
novaculite  penetrated  by  it  is 
massive  and  very  hard,  is 
0  gQQ  laoofeet  "luch  shattered,  shows  some 
'     '    '     ■""* — ' '  slickensides,    and    belongs    to 

Piocm  9. — SectloD  aloDK  line  A-A.  Bnire  B,      ,.        i    i-    ■    ■  *   ■!_        c 

OD   .oatb  Slope  o(  North  Mountain.   Mont-     the   lower  division   of  the    for- 
goDiery  County,  Ark.    Cn.  stanii-y  Bbnie;     mation.    A  vein  of  manganese 

Dbu,   upper   divliilon   of   Ackaniiaa   novaou-        _-j     n  j.     n  ■_   l       ■  i       i 

lite  ;  Dam.  middle  division  of  Arkao.a.  pX»"«  ^  to  6  mches  Wide  shows 
novacullt* ;  Dal,  lower  dlvlBlod  of  Arkanaaa  in  0,  joint  On  the  northoa-st 
novaculite;  Bm.  Ml«aonri  Mountain  ^l.te.  ^jj^  ^^  j^e  tunnel  and  about 
halfway  back.  Another  vein  i  to  15  inches  wide  is  revealed  on  the 
southwest  side  near  the  portal  but  does  not  appear  on  the  northeast 
side.  Besides  these  two  veins  some  thin  films  and  veins  an  inch  or 
BO  thick  were  observed. 

The  upper  tunnel  is  50  feet  above  the  middle  tunnel,  or  466  feet 
above  the  base  of  the  mountain  and  was  50  feet  long  at  the  time  of 
visit.  It  penetrates  massive  shattered,  very  hard  novaculite  like  that 
in  the  middle  tunnel.  Manganese  ore  mixed  with  some  clay  occupies 
narrow  fissures  and  spaces  between  fragments  of  novaculite  through 
a  distance  of  14  feet  at  the  face  of  the  tunnel.  Practically  all  the 
ore  on  the  dump  contains  fragments  of  novaculite,  but  pieces  of  solid 
ore  weighing  several  pounds  were  seen. 

A  cut  that  is  45  feet  long  and  10  feet  west  of  the  upper  tunnel 
reveals  a  zone  of  breccia  ore  which  is  apparently  the  same  as  that 
found  in  the  back  of  this  tunnel.  The  zone  in  the  vertical  exposure 
of  5  feet  on  the  west  side  of  the  cut  is  2j  feet  wide  at  the  top  and  i^J 
feet  wide  at  the  bottom;  it  is  also  present  on  the  east  ade,  but  tliB 

■Letter  dated  Dvc,  0.  IDIG,  tcom  Chester  Stevens,  formerly  of  Edgar  h  Co, 
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dimensions  are  different.  A  lens  of  t>reccia  ore  10  feet  long  and  8 
inches  thick  was  found  at  another  placed  The  manganese  ore  in  this 
cut  cements  novaculite  fragments  together^^but^it  does  not  fill  the  en- 
tire space  between  the  fragments.  The  north  end  of  this  cut  is  20 
feet  south  of  the  contact  of  the  Arkansas  novactilH'j  with  the  Mis- 
souri Mountain  slate,  and  the  ore  farthest  north  in  "i&e'cut  is  35  feet 
5outh  of  this  contact. 

A  shallow  cut  2  to  5  feet  deep  and  a  small  pit  at  its  -hprik-^nd 
are  20  feet  east  of  the  upper  tunnel  and  show  manganese  ore.i?or;.a 
Dorth-south  distance  of  30  feet.  The  deposit  is  an  eastward  con-^ 
tinaation  of  the  same  zone  as  that  found  in  the  upper  tunnel  and  in 
the  cut  to  the  west.  The  pit  is  the  one  that  was  blasted  out  almost 
SO  years  ago  by  Mr.  Burns.  It  was  visited  by  Penrose/  who  de- 
scribes the  ore  as  follows  • 

The  ore  is  a  hard  glossy  black  variety  and  usuaUy  forms  the  cement  of  a 
iTwcki  of  angular  novaculite  fragments  from  a  fraction  of  an  inch  to  4  or 
T)  feet  In  diameter.  The  ore  forms  from  an  eighth  to  less  than  a  quarter  of 
'he  mass.  In  spots,  however,  there  are  comparatively  pure  bodies  of  it,  and 
a  horizontal  pocket  of  such  ore  about  2  feet  wide  runs  across  the  face  of  the 
Iiit.  It  contains  no  rock,  but  a  small  lenticular  layer  of  clay  a  few  inches 
thick  is  included  in  it.  Such  masses  of  pure  ore  are  rare  and  of  limited  extent. 
ri?ure  10  represents  the  face  of  the  opening  and  Ulustrates  the  occurrence  of 
fJie  ore. 

The  mass  of  novaculite  in  the  center  is  surrounded  by  smaller  pieces 
<t*niented  by  manganese  ore  and  represents  simply  an  exceptionally  large 
(•»n)ponent  fragment  of  the  breccia.  It  is  noticeable  that  the  angles  of  almost 
I'Dj-  two  adjacent  fragments  of  novaculite  would  fit  into  each  other  if  the 
>^e[)arating  layer  of  manganese  was  removed,  showing  that  the  breccia  has 
^^n  formed  by  the  breaking  of  the  rock  in  place  and  not  by  an  indiscriminate 
mixing  of  rock  fragments. 

The  ore-bearing  breccia  is  largely  obscured  by  loose  material,  but 
it  was  not  found  in  rock  exposures  east  of  the  pit  and  cut  east  of  the 
upper  tunnel  or  west  of  the  cut  west  of  this  tunnel.  However, 
seams  of  manganese  oxide  a  few  inches  thick  were  observed  in  out- 
crops of  massive  novaculite  as  far  as  50  feet  southwest  and  150  feet 
west  of  the  mouth  of  the  upper  tunnel  and  20  feet  east  of  the  mouth 
of  the  middle  tunnel. 

The  ore  consists  of  hard  steel-blue  psilomelane  showing  in  places 
a  banded  structure  and  in  places  a  botryoidal  surface.  It  is  asso- 
ciated with  a  small  quantity  of  wad,  and  some  of  it  contains  minute 
quantities  of  manganite.  Some  of  the  psilomelane  occurs  in  layers 
alternating  with  wad.  Analyses  of  psilomelane  from  this  locality 
are  given  on  pages  74  and  82. 

The  deposit  just  described  represents  a  local  accumulation  of  man- 
ganese in  the  ordinarily  compact  novaculite,  after  open  spaces  had 

1  Peorosep  R.  A.  F.^  Jr^  op.  cit.,  p.  352. 


102         CONTEIBUTIONB  TO  ECONOMIC  GEOLOGY,  1917,  PART  I. 

been  formed  in  it  by  the  process  of  brecciatiou  and  folding.  The 
proximity  of  the  deposit  ta.th^  iiose  of  the  small  anticline  near  by 
suggests  that  the  hrecciajiiotl  was  caused  by  crushing  forces  accom- 
panying the  formatioH-.of  the  anticline.  The  reported  discovery  of 
an  8- foot  vein  of-.^Iid  mangftnese  ore  in  the  lower  tunnel  216  feet 
below  the  upp^  tUnnel,  which  penetrates  the  exposed  ore  body,  may 
mean  that-Jiie' exposed  ore  body  continues  down  to  the  lower  tunnel, 
but  the.disc&very  does  not  necessarily  prove  this  to  be  so.  The  8- foot 
vei^'-lliiiy 'in  fact  turn  out  to  be  merely  a  pocket  separated  from  the 
exposed  ore  body  by  an-  intervening 
mass  of  novaculite. 

The  writer  agrees  with  the  following 
statement  mnde  by  Penrose:'  "The  de- 
posit is  limited.  Some  manganese  could 
doubtless  be  taken  out  at  a  profit,  but  the 
deposit  would  soon  run  into  ore  in  quan- 
tities too  small  to  work." 

The  ore  at  this  locality  is  so  intimately 
mixed  with  fragments  of  novaculite 
and  adheres  so  tightly  to  the  novaculite 
that  only  a  small  proportion  of  the 
mined  ore  could  be  hand  picked;  the 
rest  would  require  treatment  in  a  con- 
centrating plant. 

CBOOKES  CBSEK. 

Penrose '  describes  as  follows  some 
pits  near  Crooked  Creek: 

Crooked  Creek  runs  west  through  the  nortb- 
ern  tier  of  seotlons  of  4  S.,  27  W.,  and  tlieu 
turna  abruptly  to  the  sotitheaRt.  flowing  thenre  Into  the  Little  Missouri 
River  In  the  same  township.  It  forms  one  of  the  main  forks  of  the  Little  Mis- 
souri River  lu  this  refilon  of  the  headwaters  of  that  stream,  and  Its  valley  ls> 
bordered  by  novaculite  ridges.  Several  small  pits  have  been  sunk  on  the  ridges 
on  the  outcrop  of  the  manganese  and  Iron  bearing  stratum. 

On  the  top  of  the  more  southerly  of  the  two  novaculite  ridges  Immediately 
south  of  the  creek,  probably  In  sec.  10,  a  small  pit  has  been  sunk  on  the  gray 
novacullle,  showing  a  hard  black  manganese  ore.  In  seams  rarely  over  a  quarter 
of  an  Inch  In  thickness  and  generally  thinner,  penetrating  the  rock  In  all  direc- 
tions. The  ore  Is  frequently  stained  with  Iron,  and  often  small  masses  of 
manganese  ore  Inclose  kernels  of  brown  hematite. 

AI)out  a  mile  east  of  this  exposure,  on  the  south  slope  of  the  same  mountain, 
in  the  gray  novaculite  and  near  Its  contuci  wllh  the  shale,  a  small  prospect  pit 
has  been  sunk  on  Iron  ore.    The  ore  Is  found  In  the  rock  in  small  seauis  and 

■FearoN,  B.  A.  F.,  Jr.,  op,  cIL,  p.  BBS.  ■Idem,  p.  8B1. 
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I^x^kets  from  1  to  4  inches  In  thickness.  It  is  frequently  fibrous,  porous,  or 
^taUictltlc  and  very  often  has  a  brilliantly  iridescent  surface  showing  glossy 
^r9&x,  blue,  and  pink  colors.  It  decomposes  on  a  weathered  surface  into  a 
brciwn  earthy  ore.  The  ore  on  Crooked  Creek  has  nowhere  been  seen  in  work- 
able qaantities. 

SLATINGTOK   MOUNTAIN   FBOSFECTS. 

Some  majig»nese  deposits  on  the  south  slope  of  Slajbington  Moun- 
tiiin,  in  the  northwestern  part  of  T.  4  S.,  R.  27  W.,  were  prospected 
in  Jtine,  1916,  by  Edgar  &  Co.  This  mountain  is  one  of  the  group 
known  as  the  Missouri  Mountains,  and  the  prospecting  was  done 
about  a  mile  north  of  Roimd  Mountain. 

A  north-south  cut  2  to  3  feet  deep,  several  feet  wide,  and  45  feet 
long,  was  made  along  the  bed  and  side  of  a  southward-flowing 
branch  to  explore  a  deposit  of  ferruginous  bog  manganese  which 
cements  together  fragmc^nts  of  noraculite  and  shale.  Where  the  de- 
posit is  revealed  in  the  cut — for  about  25  feet  along  the  east  side  of 
the  branch — ^it  is  6  feet  wide,  and  at  one  place  where  the  cut  went 
through  the  deposit  it  is  20  inches  thick  and  underlain  by  ihterbedded 
shale  and  novaculite.  How  far  the  deposit  extends  west  of  the 
stream  is  not  knowui  but  it  was  seen  at  places  for  a  distance  of  150 
feet  downstream  and  about  the  same  distance  upstream.  The 
branch  water  running  over  this  "bog  ore"  is  now  depositing  iron 
oxide. 

On  the  south  slope  of  the  mountain,  about  250  feet  north  of  the 
cut  just  described,  is  a  pit  6. feet  wide,  7  feet  long,  and  8  feet  deep. 
A  surficial  deposit  of  iron  oxide  containing  a  small  quantity  of 
manganese  is  exposed  in  the  pit  and  for  several  feet  on  each  side, 
and  one  outcrop  of  the  deposit  was  seen  85  feet  east  of  the  pit. 
The  deposit  is  3  feet  thick  at  the  pit  and  overlies  shale  and  thin- 
bedded  novaculite. 

A  second  cut  in  this  vicinity  is  about  800  feet  east  of  the  one  in 
the  branch,  on  a  slope  about  100  feet  above  the  branch.  It  is  5  to  8 
feet  wide  and  8  to  6  feet  deep,  and  extends  25  feet  parallel  with  the 
strike  of  the  novaculite,  N.  70**  E.  The  novaculite,  which  has  been 
blasted  out  to  make  the  cut,  is  massive,  light  colored,  and  hard,  is  in 
the  upper  division  of  the  formation,  and  dips  35°  S.  20**  E.  Two 
parallel  veins  of  iron  and  manganese  oxides  2  feet  apart  were  found 
here  between  the  beds  of  novaculite.  The  upper  vein  ranges  from 
a  fraction  of  an  inch  to  4J  inches  in  thickness  and  consists  of  brpwn 
iron  oxide,  ferruginous  manganese  oxide,  manganese  oxide,  and 
fragments  of  novaculite.  The  lower  vein  is  from  a  feather  edge 
to  12  inches  thick  and  branches  upward  into  two  veins,  each  of 
which  is  an  inch  or  two  thick.  It  is  composed  mainly  of  brown  iron 
oxide,  with  which  a  little  manganese  oxide  is  mixed.    The  man- 
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ganese  minerals  in  this  cut  are  hard  steel-blue  massive  psilomelane 
and  manganite,  the  latter  in  small  quantity. 

MISSOUBI    MOUNTAIN    FBOSFECT. 

A  shallow  north-south  cut  13  feet  long  and  3  to  5  feet  wide  M^as 
blasted  out  on  the  north  slope  near  the  summit  of  Missouri  Moun- 
tain, in  sec.  31,  T.  3  S.,  R.  27  W.,  in  the  spring  of  1916,  by  J.  T. 
Smith,  who  has  since  sold  his  claim  to  Edgar  &  Co.  The  rock 
blasted  out  is  hard,  massive,  crushed  novaculite  belonging  to  the 
lower  division  of  the  Arkansas  novaculite.  It  contains  some  ir- 
regular veins  and  pockets  of  brown  iron  oxide  and  a  little  psilom- 
elane along  joints;  the  largest  vein  is  3^  inches  wide.  These  two 
minerals  occur  in  separate  veins,  in  the  same  part  of  a  single  vein, 
or  in  different  parts  of  the  same  vein,  and  they  are  mixed  with  a 
small  quantity  of  dufrenite  and  thin  films  of  colorless  opal.  In 
places  iron  oxide  has  penetrated  the  novaculite  to  a  depth  of  1  inch 
away  from  the.  joints. 

DIEBKS  LUMBER  &  COAL  CO.'S  FBOSFECT. 

A  manganese  deposit  in  sec.  16,  T.  4  S.,  R.  27  W.,  just  east  of  the 
mining  camp  of  Edgar  &  Co.,  was  prospected  in  the  spring  of  1916 
by  the  Dierks  Lumber  &  Coal  Co.,  which  owns  the  entire  section. 
The  workings  consist  of  four  cuts  on  a  low  terrace  at  the  edge  of  a 
stream  fiat  that  stands  10  feet  above  Little  Missouri  River.  (See  fig. 
11.)  They  penetrate  a  bed  of  terrace  gravel  ranging  from  a  few 
inches  to  8  feet  in  thickness;  three  of  them  penetrate  also  both  the 
Stanley  shale  and  the  Arkansas  novaculite,  and  the  fourth  only  the 
novaculite. 

The  novaculite  penetrated  by  the  workings  is  mostly  massive,  light 
colored,  soft,  and  much  jointed,  but  some  of  it  is  hard.  It  strikes 
S.  80°  E.  and  in  some  places  dips  80*^  N.  and  in  others  80°  S.  The 
massive  bed  is  50  feet  thick  and  is  the  upper  division  of  the  Arkansas 
novaculite.  The  middle  and  lower  divisions  of  the  formation  are 
exposed  farther  south  in  Little  Missouri  River  and  on  Sugartree 
Mountain.     (See  fig.  3,  p.  76.) 

The  cut  farthest  west  is  from  5  to  6  feet  wide,  3  to  8  feet  deep,  and 
43  feet  long.  The  manganese  oxide  found  here  consists  of  a  few 
short  veins  less  than  1  inch  wide  in  the  novaculite. 

The  next  cut  to  the  east  is  3  to  15  feet  deep  and  50  feet  long.  A 
pocket  of  wad  2  feet  wide  and  4  to  5  feet  long  shows  on  the  west  side 
of  the  north  end  of  the  cut.  Farther  south  on  the  west  side  there 
is  a  seam  of  wad  6  inches  wide  along  the  bedding,  a  pocket  of  ore  6 
inches  wide  and  18  inches  long,  and  a  vein  6  to  10  inches  wide  that 
follows  the  bedding  and  shows  on  both  sides  of  the  cut.  All  these 
deposits  are  in  the  novaculite,  and  there  are  also  numerous  films  and 
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much  thinner  veins  of  wad  in  the  novacuhte  and  tlie  adjacent  layers 
of  the  Stanley  shale.  The  wad  is  mixed  with  some  red  clay,  from 
which  it  would  be  separated  with  diflficulty. 

The  third  cut  to  the  east  contains  at  its  south  end  a  pit  7  feet  wide, 
11  feet  long,  and  12  feet  deep.  A  vein  of  ore  from  8  to  24  inches 
wide  is  exposed  in  the  northeast  comer  of  the  pit,  several  seams  and 
pockets  ranging  from  a  fraction'of  an  inch  to  14  inches  in  thickness 
show  on  the  east  side,  and  one  in  the  southeast  comer  is  2  feet  thick. 
.V  vein  of  ore  from  12  to  17  inches  wide  and  three  or  four  small 
pockets  from  2  to  4  feet  long  and  at  most  12  inches  thick  have  heen 
found  on  the  west  side  of  the  pit.  All  these  pockets  and  veins  occur 
along  bedding  planes  and  joints  in  the  novaculite.  The  ore  consists 
of  hard  psilomc 


three  samples  of  ore  from  this  pit  have  been  supplied  by  the  Dierks 
humber  &  Coal  Co.  and  showed  60.54,  55.36,  and  43  per  cent  of  man- 
ganese. The  ore  yielding  the  largest  percentage  of  manganese  was 
solid  palomelane,  a  more  complete  analysis  of  which  is  given  on 
page  82. 

The  cut  farthest  east  had  badly  caved  at  the  time  of  the  exami- 
nation (Aug.  1,  1916).  The  only  manganese  visible  is  a  pocket  of 
manganiferous  clay  4  feet  long  and  2  feet  wide,  and  none  of  it  has 
been  placed  on  the  dump. 

The  deposits  exposed  in  these  openingH  are  small  and  some  ore  might 
be  mined  here  at  a  profit,  especially  when  manganese  ores  command 
high  prices,  as  at  present. 

HOBBEIX  CLAIM. 

Penrose*  describes  a  manganese  deposit  on  the  Morrell  claim,  in 
»c.  16,  T.  4  S.,  R.  27  W.,  "  on  the  east  side  of  the  Little  Missouri 


'  renroae,  B.  A,  F„  ]r.,  op.  clt.,  p.  B53. 


82153'— 18-Bull.  I 


106         CONTRIBUTIONS  TO  ECONOMIC   GEOLOGY,  1917,  PART  I. 


?9 


River,  at  a  point  where  that  stream  cuts  through  a  novaculite  ridge. 
This  location  accords  very  closely  with  that  of  th§  workings  of  the 
Dierks  Lumber  &  Coal  Co.  just  described,  and  the  pit  which  he  de- 
scribes as  follows  may  have  been  at  the  same  place,  but  if  so  it  has 
been  enlarged  or  was  not  seen  by  the  writer. 

A  small  pit  sunk  near  the  water  level  shows  a  hard,  massive  steel-blue 
manganese  ore,  often  In  stalactltlc  forn^  Thd  ore  is  associated  with  black 
or  brown  glossy  Iron  ore,  and  together  they  form  a  pocket  from  1  to  3  feet 
in  width  in  the  novaculite.   The  ore  frequently*  contains  pockets  of  red  day. 

SITGABTBEE  MOUNTAIN  PBOSPECT& 

On  the  north  slope  of  Sugartree  Mountain,  a  broken  ridge  bearing 
north  of  west,  in  sec.  17,  T.  4  S.,  K.  27  W.,  a  number  of  openings 
were  made  in  the  spring  and  summer  of  1916  by  Edgar  &  Co.  Two 
tunnels  have  been  driven  into  the  base  of  the  mountain.  One  of  these, 
known  as  the  Old  Sugartree  tunnel,  extends  west  50  feet  into  the 
mountain  from  the  bottom  of  a  ravine  and  penetrates  the  upper 
division  of  the  Arkansas  novaculite,  which  here  dips  50°  N.  A  very 
small  amount  of  iron  oxide  shows  on  the  surface  rocks,  and  only 
stains  of  iron  and  manganese  oxides  were  found  in  the  tunnel.  An 
air-compressing  plant  has  been  built  100  feet  north  of  the  mouth 
of  the  tunnel. 

The  second  tunnel,  known  as  the  New  Sugartree  tunnel,  is  2,000 
feet  west  of  the  Old  Sugartree  tunnel  and  extends  south  30  feet  into 
the  mountain.  It  was  not  visited.  No  manganese  ore  is  said  to  have 
been  found  in  the  shale  that  was  penetrated.  Compressed  air  for 
drilling  was  piped  from  the  plant  at  the  other  tunnel. 

A  north-south  cut,  known  as  Sugartree  prospect,  is  500  feet  east 
of  the  Old  Sugartree  tunnel  and  75  feet  above  the  base  of  the  moun- 
tain. It  is  75  feet  long  and  15  feet  deep  in  the  deepest  part  and  is 
in  massive  novaculite  dipping  50°  N.  40°  E.  and  belonging  to  the 
upper  division  of  the  formation.  Two  veins  of  manganiferous  iron 
oxide  lie  along  the  bedding.  One  of  these  is  from  10  to  24  inches 
thick  and  is  said  to  contain  10  per  cent  of  manganese;  the  other 
is  from  6  to  24  inches  thick.  Both  are  cut  off  at  the  north  by  what 
appears  to  be  a  fault.  There  is  also  a  pocket  of  such  oxide  3  feet 
long  and  16  inches  wide.  This  pocket  and  the  two  veins  contain 
much  clay,  a  little  quartz,  and  a  few  pieces  of  novaculite. 

A  north-south  cut  30  feet  long  and  2  to  3  feet  deep  has  been  made 
on  the  south  side  of  the  crest  of  a  spur  of  Sugartree  Mountain,  1,000 
feet  west  of  the  Old  Sugartree  tunnel  and  about  250  feet  abpve 
Little  Missouri  River.  The  massive  novaculite  that  has  been  blasted 
out  to  form  the  cut  contains  a  pocket  of  brown  iron  oxide  2i  feet 
long  and  1^  feet  wide  and  also  a  few  veins  of  this  mineral,  all  less 
*han  1  inch  thick.    No  manganese  was  found  here. 


MANGANESE  DEPOSITS  IN  ARKANSAS.  107 

A  second  north-south  out,  which  is  25  feet  long,  8  to  10  feet  wide, 
and  10  or  12  feet  deep  at  the  south  end,  is  on  the  north  slope  of 
Sugartree  Mountain,  1,600  feet  west  of  the  Old  Sugartree  tunnel  and 
about  400  feet  above  Little  Missouri  River.  Massive  novaculite  is 
revealed  in  the  cut,  but  owing  to  the  numerous  joints  its  dip  could 
not  be  determined.  Veins  and  pockets  of  psilomelane  associated  with 
some  wad  and  manganite  were  found  in  the  novaculite  through  a 
north-south  distance  of  20  feet.  Few  of  them  are  more  than  6  inches 
thick,  though  one  pocket  containing  a  vug  partly  filled  with  clay  is 
3  feet  long  and  2  feet  wide.  The  psilomelane  is  steel  blue,  shows 
botryoidal  surfaces,  and  in  places  occurs  in  alternating  layers  with 
manganite  whose  radiating  needle-like  crystals  are  perpendicular  to 
the  surfaces  of  the  curved  layers.  Some  of  the  psilomelane  also 
occurs  in  alternating  layers  with  wad.  These  minerals  occur  in 
small  quantity  and  probably  can  not  be  mined  with  profit.  About  a 
ton  of  them  has  been  placed  on  the  dump. 

A  third  cut,  1,900  feet  west  of  the  Old  Sugartree  tunnel  and  about 
450  feet  above  Little  Missouri  River,  extends  from  north  to  south 
across  the  crest  of  a  spur  of  Sugartree  Mountain.  It  is  125  feet  long, 
though  10  feet  of  rock  at  the  crest  has  not  been  removed.  The 
northern  two-thirds  of  it — the  part  lying  north  of  this  unremoved 
portion — ^ranges  from  4  to  10  feet  in  depth  and  is  in  massive  novacu- 
lite dipping  55°  N.  25°  E.  Only  two  very  narrow  veins  of  manganese 
oxide  mixed  with  clay  were  found  here.  The  south  third  of  the  cut 
is  10  feet  deep  at  the  deepest  place  and  is  in  novaculite  and  decom- 
posed shale  separated  by  a  band  of  hard  brown  ferruginous  clay. 
A  few  hundred  pounds  of  brown  iron  oxide  was  obtained  from 
pockets  in  the  novaculite. 

RAINWATER    FBOSPECTS. 

Nine  small  pits  were  made  in  June,  1916,  by  W.  E.  Rainwater,  on 
the  south  slope  of  Sugartree  Mountain,  in  sec.  18,  T.  4  S.,  R.  27  W. 
Four  of  these  are  in  a  deep  ravine  at  an  elevation  of  about  150  feet 
above  Long  Creek.  Two  of  the  four  are  in  the  upper  division  of  the 
Arkansas  novaculite,  which  here  stands  nearly  vertical,  and  they 
reveal  thin,  widely  separated  veins  of  hard  and  soft  oxides  of  man- 
ganese mixed  with  some  iron  oxide.  Only  a  very  small  quantity  of 
these  oxides  has  been  taken  out.  The  largest  pieces  on  the  dump 
weigh  only  a  few  pounds.  The  other  two  pits  are  in  debris  which 
includes  some  boulders  of  manganese  oxide  that  weigh  over  100 
ponnds  and  contain  some  fragments  of  novaculite.  The  character  of 
the  novaculite  in  these  boulders  indicates  that  they  came  from  the 
same  beds  of  novaculite  that  were  penetrated  by  two  of  the  pits. 
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The  other  five  pits  are  in  a  ravine  a  quarter  of  a  mile  northeast  of 
the  pits  just  described  and  are  all  in  massive^novaculite,  which  here 
dips  90°.  The  pit  farthest  west  shows  no  manganese  oxide ;  one  of 
the  others  reveals  a  pocket  of  manganese  oxide  a  foot  long  and  3  or 
4  inches  wide;  and  the  rest  contain  some  float  pieces  of  this  oxide 
but  none  in  place. 

McXINLEY  MOUNTAIK. 

A  manganese  deposit  on  McKinley  Mountain  has  been  described 
as  follows  by  Penrose :  ^ 

Almost  on  the  Une  of  Polk  and  Montgomery  counties  It  [McKinley  Mountain] 
is  cut  through  by  Straight  Creeic,  ii  tributary  of  I/ong  Creek,  the  latter  a  branch 
of  the  Little  Missouri  River.  Straight  Creek  passes  through  the  mountain  in 
a  deep  gulch,  on  either  side  of  which  the  novaculite  forms  steep  bluffs. 

A  small  pit  has  been  sunk  in  the  novaculite  on  the  western  side  of  this  pass, 
in  4  S.,  28  W.,  a  few  hundred  yards  west  of  the  Montgomery  County  line.  The 
pit  shows  manganese  ore  scattered  irregularly  and  in  limitecl  quantities  through 
a  breadth  of  about  6  feet  of  the  rock,  and  in  some  places  the  ore-bearing  part 
of  the  rock  is  possibly  still  wider.  The  ore  is  a  hard,  compact  steel-blue  variety, 
frequently  stained  yellow  or  red  by  iron.  It  occurs  throughout  the  rock  in 
small  seams  and  pockets,  from  a  fraction  of  an  inch  to  4  inches  in  thickness. 
In  some  places  the  ore  blends  into  the  novaculite,  turning  it  a  deep  black ;  in 
other  places  the  line  of  separation  is  sharp  and  well  defined.  The  following 
analysis  shows  the  composition  of  this  ore : 

Analysis  of  manganese  ore  from  MeKinhy  Mountain,  Polk  County. 

IR.  N.  Brackett,  analyst] 

Manganese 49.  24 

Iron 2. 04 

Silica 2.08 

Phosphorus .  38 

Manganese  peroxide,  71.41. 

TELLUS  DAVIS  PBOSPECT  NO.   1. 

The  Telliis  Davis  prospect  No.  1  is  on  the  steep  slope  on  the  east 
end  of  lie  Mountain,  about  300  feet  above  Long  Creek,  which  flows 
through  a  gorgelike  water  gap  separating  He  Mountain  from  Sugar- 
tree  Mountain,  near  the  east  edge  of  Polk  County,  less  than  a  quarter 
of  a  mile  from  the  line.  It  is  on  a  claim  located  by  Tellus  Davis,  but 
in  August,  1916,  being  prospected  by  the  Mississippi  Valley  Iron  Co. 

The  prospect  is  an  east-west  cut  25  feet  long  and  10  to  20  feet 
wide  and  when  visited  (eluly  31, 1916)  showed  a  face  of  10  feet  at  the 
west  end.  It  is  in  massive  beds  of  hard  white  fractured  novaculite 
in  the  basal  division  of  the  Arkansas  novaculite,  which  here  dips 
55*^  N.  Small  pockets  and  veins  of  psilcmelane,  the  largest  observed 
by  the  writer  being  3  inches  wide  and  the  largest  one  reported  in  the 

1  Penrose,    R,    A.    F.,   Jr.,    op.    clt.,    pp.    353-356. 


MANGANESE  DEPOSITS  IN  ARKANSAS.  109 

removed  rock  being  6  inches  wide,  were  found  here  and  there  along 
the  joints  and  bedding  planes  throughout  the  width  of  the  cut,  and 
in  plaoes  some  manganese  oxide  penetrates  the  novaculite. 

The  psilomelane  is  hard  and  steel-blue  and  in  places  shows  a  con- 
cretionaiy  structure  and  botryoidal  surfaces.  It  is  associated  with  a 
less  amount  of  crystalline  manganite,  much  of  which  shaws  radiating 
needles,  together  with  iron  oxide  and  clay.  A  narrow  vein  of  low- 
grade  siliceous  brown  iron  oxide  mixed  with  a  small  quantity  of 
dufrenite  and  mangane^  oxide  lies  along  the  bedding  of  the  novacu- 
lite on  the  south  side  of  the  cut. 

• 

TELLUS  DAVIS  PBOSPECT  KG.  2. 

The  Tellus  Davis  prospect  No.  2  is  on  the  south  slope  of  He  Moun- 
tain about  500  feet  south  of  west  from  the  prospect  just  described, 
on.  the  same  claim.  It  consists  of  a  cut  which  at  the  time  of  visit 
(July  31, 1916)  was  40  feet  long,  8  to  10  feet  wide,  and  10  to  12  feet 
deep  at  the  north  end.  It  was  then  being  worked  by  the  Mississippi 
Valley  Iron  Co.  Beds  of  massive  shattered  novaculite  dipping  85®  S. 
and  belonging  to  the  basal  division  of  the  Arkansas  novaculite  were 
encountered  in  making  the  cut.  A  number  of  veins  of  brown  iron 
oxide,  which  if  put  together  would  make  a  continuous  vertical  vein 
not  over  a  foot  wide,  were  found  along  bedding  planed.  A  lenticular 
vein  6  inches  thick  contains  ferruginous  manganese.  Vugs  and 
cracks  in  two  or  three  of  the  veins  contain  a  small  quantity  of 
dufrenite.  In  their  weathered  parts  the  dufrenite  has  changed  its 
color  from  green  to  brown,  and  the  iron  oxide  shows  coatings  of 
colorl^  opal. 

W.  A.  DAVIS  FBOSPECT  NO.   1. 

The  W.  A.  Davis  prospect  No.  1  consists  of  a  north-south  cut  38 
feet  long,  a  few  feet  wide,  and  18  feet  deep^  near  the  east  end  of  He 
Moimtain,  high  on  the  south  slope^  less  than  half  a  mile  from  the 
east  boundary  of  Polk  County,  and  a  quarter  of  a  mile  west  of  the 
Tellus  Davis  prospect  No.  1.  It  is  on  a  mineral  claim  located  by 
W.  A-  Davis  and  was  worked  in  the  summer  of  1916  by  the  Missis- 
sippi Valley  Iron  Co. 

Massive  novaculite,  probably  near  the  top  of  the  lower  division  of 
the  Arkansas  novaculite,  dipping  85°  S.,  was  blasted  out  to  make  the 
cut.  Manganese  veins  ramify  through  a  vertical  zone  of  broken 
novaculite  4  feet  wide  on  the  east  side  of  the  cut  and  6  feet  wide  on 
the  west  side  and  constitute  less  than  half  the  bulk  of  the  zone,  but 
most  of  the  ore  that  is  free  from  novaculite  fragments  is  confined  to 
an  irregular  vein  which  on  the  east  side  is  12^  inches  wide  at  a  height 
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of  6  feet  above  the  bottom  of  the  cut,  32  inches  wide  3  feet  above  the 
bottom,  and  7  inches  wide  at  the  bottom. 

The  ore  consists  of  psilomelane  and  manganite,  except  that  there  is 
a  little  brown  iron  oxide  south  of  the  zone  just  described  and  on  the 
west  side  of  the  cut.  The  psilomelane  makes  up  the  greater  part  of 
the  deposit.  It  is  massive,  hard,  and  steel-blue,  much  of  it  has  a 
banded  structure  and  a  botiyoidal  surface,  and  some  is  stalactitic. 
The  manganite  is  in  places  intimately  mixed  with  the  psilomelane, 
but  the  two  may  be  found  together  in  a  single  narrow  vein,  occurring 
in  alternating  layers  in  which  the  psilomelane  is  the  massive  hard 
steel-blue  variety  and  the  manganite  consists  of  plumose  crystal 
growths  whose  fibers  diverge  toward  the  center  of  the  vein.  Some 
of  the  stalactites  of  psilomelane  contain  cores  of  manganite  consist- 
ing of  radiating  fibers  that  diverge  outward.  Dendrites  are  common 
along  the  joints  in  the  novaculite,  and  some  of  them  are  very  delicate. 

Some  pieces  of  the  psilomelane  and  manganite  that  are  on  the 
diimp  or  that  have  rolled  down  the  mountain  slope  contain  angular 
fragments  of  novaculite  and  would  require  crushing  and  jigging  to 
recover  the  ore,  but  3  or  4  tons  of  these  minerals  are  free  of  rock 
fragments.  Four  pieces  of  solid  ore  seen  by  the-  writer  weigh 
about  250  pounds  each. 

It  is  possible  that  a  small  quantity  of  ore  might  be  profitably 
mined  at  this  locality,  especially  while  the  prices  paid  for  manganese 
ores  are  high. 

W.  A.  DAVIS  PROSPECT  XO.  2. 

The  W.  A.  Davis  prospect  No.  2  is  a  cut  that  was  made  in  the 
summer  of  1916  by  the  Mississippi  Valley  Iron  Co.  on  a  claim  located 
by  W.  A.  Davis,  half  to  three-quarters  of  a  mile  southwest  of  the 
W.  A.  Davis  prospect  No.  1,  near  the  base  of  a  hill  slope  on  the 
south  side  of  Coon  Creek,  which  here  flows  east  along  the  south 
side  of  He  Mountain.  The  cut  extends  60  feet  S.  30°  W.  into  the 
hill  and  at  its  southwest  end  is  18  to  20  feet  deep.  The  novaculite 
here  belongs  to  the  upper  division  of  the  formation  and  is  in  beds 
that  dip  40°  S.  30^  W.  and  are  cut  by  numerous  joints.  Thin  veins 
of  wad,  in  places  mixed  with  brown  and  red  oxides  of  iron,  occur 
along  some  of  these  joints.  They  are  usually  less  than  half  an  inch 
thick,  but  one  partly  exposed  pocket  containing  some  red  iron  oxide 
and  ferruginous  manganese  is  2  feet  or  more  wide.  Several  feet  of 
debris  overlying  the  novaculite  was  penetrated  in  the  cut,  and  em- 
bedded in  it  are  bouldei*s  of  psilomelane  containing  angular  frag- 
ments of  novaculite.  The  boulders  have  obviously  rolled  down  the 
hillside  from  the  parent  pocket  or  vein. 
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Just  west  of  the  mouth  of  the  cut  is  an  exposure  of  a  2-foot  vein 
containing  manganese  oxide,  brown  iron  oxide,  and  specular  hema- 
tite, but  half  of  the  vein  is  novaculite.  Another  exposure  of  novacu- 
lite  showing  two  veins  of  hard  massive  psilomelane,  one  1  to  6  inches 
wide  and  the  other  12  inches  wide,  is  60  feet  southeast  of  the  mouth 
of  the  cut.  From  these  veins  many  veinlets  of  psilomelane  half  an 
inch  or  less  in  width  extend  into  the  novaculite  on  each  side  and 
form  a  perfect  network.  This  manganese-bearing  zone  may  be  the 
same  as  the  2-foot  vein  just  described,  and  if  so  passes  near  the 
north  end  of  the  cut,  in  which  it  was  not  found. 

HE  MOUNTAIN. 

A  manganese  deposit  ^  on  the  summit  of  He  Mountain,  in  Polk 
County,  a  little  over  a  mile  west  of  the  Montgomery  County  line '' 
is  described  by  Penrose^  as  follows: 

A  smaU  pit  3  feet  deep  hats  been  siink  on  the  ore,  which  Is  in  smaU  seams 
and  x)ockets,  rarely  over  2  or  3  inches  In  thickness.  The  exact  width  of  this 
ore-bearing  part  of  the  novaculite  can  not  be  seen,  but  the  pit  exposes  a  breadth 
of  about  6  feet  and  it  is  probably  considerably  wider.  The  ore  Is  scattered 
through  the  rock  in  limited  quantities.  It  is  a  hard,  massive  steel-blue  variety, 
frequently  having  a  concretionary  structure  and  a  mammillary  surface,  and 
is  generally  associated  with  more  or  less  massive  brown  iron  ore.  The  latter 
often  incloses  nodules  of  manganese  or  forms  the  outside  layer  of  pockets  of 
that  ore.  There  are  often  small  cavities  in  the  novaculite,  from  1  to  6  inches  in 
diameter,  lined  with  layers  of  iron  and  manganese  ores.  In  some  places  both 
ores  are  sharply  separated  from  the  novaculite;  in  others  they  blend  into  it, 
staining  it  brown  or  black. 

COON  CBEEE. 

Penrose  ^  furnishes  the  following  description  of  a  manganese  and 
iron  deposit  on  Coon  Creek,  a  tributary  of  Long  Creek  that  flows 
along  the  south  side  of  He  Mountain : 

In  a  novaculite  hill  bordering  this  creek  on  the  south,  half  a  mile  southwesj: 
of  the  He  Mountain  locality  Just  described,  and  in  Polk  County,  4  S.,  28  W., 
another  small  pit  has  been  opened  on  a  deposit  of  manganese  and  iron.  Both 
ores  are  in  about  equal  quantities,  and  both  are  very  much  like  those  described 
on  He  Mountain.  They  either  form  the  cement  of  a  breccia  ted  novaculite  or 
occur  as  thin  layers,  nests,  or  pockets  throughout  the  rock.  The  largest  mnss 
of  ore  seen  came  from  one  of  these  pockets  and  was  2  feet  in  diameter.  Such 
masses,  however,  are  rare. 

EXTBEKA  FBOSPECT. 

The  Eureka  prospect  is  at  the  east  end  of  Brier  Creek  Mountain, 
in  T.  4  S.,  R.  27  W.,  and  is  at  the  same  level  as  the  flat  of  Long 


^Penroie,   R.   A.   F.,  Jr.,  op.   clt.,   pp.  356-367. 
*  Idem,  p.  367. 
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Creek,  6  feet  above  the  stream.  Contorted  ledges  of  massive  white 
novaculite  dipping  at  a  high  angle  and  striking  east  have  been  laid 
bare  of  debris  through  a  distance  of  20  feet  from  north  to  south, 
and  a  little  solid  rock  has  been  removed.  The  work  was  done  in 
1916  by  S.  W.  Sherrod.  The  d6bris  on  the  slope  just  above  the  cut 
is  a  few  inches  thick  and  consists  of  fragments  of  novaculite.. 
Manganite  in  small  quantity  cements  some  of  this  debris  and  occurs 
as  veins  between  the  ledges.  It  has  apparently  been  deposited  from 
the  spring  water  that  issues  in  a  strong  stream  from  the  cut  and 
higher  on  the  ihountain.  Most  of  the  veins  are  less  than  2  inches 
thick,  but  one  is  6  inches  thick.  A  few  hundred  pounds  of  man- 
ganite could  be  obtained  by  careful  hand  picking  of  the  material  in 
sight 

BLUFF  MOTTNTAIN  FBOSFECT. 

On  the  crest  of  Bluff  Mountain,  just  north  of  Albert  post  oflSce, 
in  the  southwest  corner  of  Montgomery  County,  a  pit  10  feet  long 
from  east  to  west,  6  to  7  feet  deep,  and  5  feet  wide  was  made  in 
May  or  June^  1916,  by  Walter  Lyon  and  Foster  Hays.  It  is  in  mas- 
sive shattered  novaculite  in  the  lower  part  of  the  Arkansas  novacu- 
lite, which  here  strikes  east  and  stands  vertical.  A  vein  composed  of 
psilomelane  and  manganite  found  at  the  east  end  of  the  pit*is  18 
inches  wide  at  the  bottom,  where  one-third  to  one-half  its  bulk 
consists  of  angular  fragments  of  novaculite.  Higher  in  the  pit  the 
vein  widens  to  8  feet  and  novaculite  makes  up  the  greater  part  of  it. 
It  continues  to  the  west  end  of  the  pit,  where  it  is  only  a  few  inches 
wide.  Two  pockets  of  ore  a  few  inches  wide  were  found  within  18 
inches  north  of  this  vein.  They  and  the  vein  just  described  con- 
tain some  red  clay  that  has  been  brought  in  by  ground  water. 

The  deposit  consists  mainly  of  hard  steel-blue  psilomelane  showing 
in  places  a  botryoidal  surface.  A  small  quantity  of  manganite  is  in 
minute  crystals  intimately  mixed  with  the  psilomelane.  The  quan- 
tity of  these  minerals  placed  on  the  dump  probably  amounts  to  a  ton. 

LITTLE  MirsaBOVE  MOUNTAIK. 

Penrose^  describes  as  follows  a  manganese  deposit  on  the  Webb 
Thornton  claim,  on  Little  Musgrove  Mountain: 

Little  Musgrove  Mountain  runs  east  and  west  In  the  extreme  southwestern 
part  of  4  S.,  27  W.,  and  Is  Intersected  by  the  Little  Missouri  River  just  above 
where  that  stream,  issuing  from  the  rocky  gorge  that  it  has  cut  through  the 
novaculite  ridges,  flows  into  the  less  rugged  c*ountry  to  the  south.  The  moun- 
tain is  composed  mostly  of  gray  novaculite  dipping  almost  vertically  and 
forming  prominent  bluffs  on  both  sides  of  the  river. 

^FenroBe»  B.  A.  F.,  Jr.,  op.   clt.,  pp.   35S-^54. 
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The  Webb  Thornton  claim  is  In  sec.  31,  on  a  steep  bluff  in  the  south  face  of 
Little  Musgrove.  A  soft  black  manganese  ore  (pyroluslte)  occurs  here  in  an 
€<]nally  soft  white  novaculite,  easily  crushed  in  the  fingers.  The  largest  ex- 
posure of  ore  is  an  oblong  pocket  4  inches  in  Its  thickest  part 

LEADER  MOUNTAIN  FBOSPECTS. 

Leader  Mountain  runs  a  little  north  of  west  in  T.  4  S.,  Rs.  27  and 
28  W.,  partly  in  Polk  County  and  partly  in  Montgomery  County.  It 
lies  between  Brier  and  Blaylock  creeks,  and  Little  Missouri  River 
passes  through  a  gap  at  its  east  end.  Manganese  deposits  have  been 
found  here  and  there  along  its  crest  and  were  explored  during  March 
and  April,  1916,  by  F.  P.  Fay  and  Chester  Stevens,  who  located  14 
lode  claims  lying  end  to  end  from  Little  Missouri  River  westward 
about  4  miles  into  Polk  County,  and  numbered  consecutively  1,  2,  3, 
etc,  from  the  east  to  the  west.  The  claims  have  since  been  trans- 
ferred to  Edgar  &  Co. 

The  lower  massive  division  of  the  Arkansas  novaculite,  which  dips 
about  90^,  occupies  the  crest  of  the  mountain  throughout  most  of 
the  4-mile  stretch  that  has  been  explored,  but  in  some  places  the 
middle  division,  cropping  out  farther  north,  occupies  the  crest.  The 
two  are  separated  by  a  breccia-like  conglomerate  which  in  places  is 
3  feet  thick.  The  structure  of  the  mountain  is  shown  in  figure  3 
(p.  76) .  The  manganese  deposits  are  in  the  top  of  the  lower  division 
of  the  Axkansas  novaculite. 

A  cut  on  the  crest  of  the  mountain  extends  diagonally  across  the 
boundary  line  between  claims  Nos.  3  and  4.  It  was  blasted  2  to  3 
feet  deep  for  a  distance  of  40  feet  in  massive  novaculite  and  reveals 
no  ore.  Two  pits  farther  east  on  the  mountain  were  not  visited  by 
the  writer  but  are  said  to  show  no  manganese  ore. 

A  north-south  cut  25  feet  long  is  in  massive  novaculite  just  north 
of  the  crest  of  the  mountain  on  claim  No.  5.  It  reaches  a  depth  of 
6  feet  at  the  deepest  place  and  shows  two  veins  of  psilomelane,  one 
of  which  is  4  inches  wide  and  the  other  2  inches  wide.  Some  of  the 
psilomelane  contains  angular  fragments  of  npvaoulite. 

Another  north-pouth  cut  30  feet  long  on  the  crest  of  the  mountain, 
on  claim  No.  6^  is  in  both  the  massive  novaculite  and  the  thin-bedded 
novaculite.  It  shows  a  vein  of  manganese  oxide  4  inches  wide  and 
some  stains  of  this  mineral  along  cracks  in  the  massive  novaculite. 

The  north-south  cut  on  claim  No.  7  is  25  feet  long  and  5  to  8  feet 
deep  and  is  on  the  crest  of  the  mountain.  The  south  end,  which  is  in 
the  massive  novaculite,  shows  a  little  brown  iron  oxide  in  thin 
irregular  veins  along  bedding  and  joint  planes,  and  the  north  end 
is  a  thin-bedded  novaculite.  Thin  films  of  chalcedony  stained 
a  bluish-green  color  with  chrysocoUa,  a  copper  silicate  combined 
with  water,  were  found  at  one  place  in  the  out. 
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Claim  No.  8  has  been  prospected  by  means  of  a  north-south  cnt 
52  feet  long  and  7  feet  deep  on  the  crest  of  the  mountain.  The  south 
end  is  in  massive  novaculite,  but  most  of  the  cut  is  in  thin-bedded 
novaculite.  A  stain  of  iron  oxide  was  found  in-  some  of  the  cracks 
in  the  novaculite,  but  no  manganese  was  found. 

A  north-south  cut  50  to  60  feet  long  and  2  to  4  feet  deep  on  the 
crest  of  the  mountain,  in  claim  No.  9,  is  mostly  in  massive  novaculite 
dipping  65^-70°  N.,  but  the  north  end  is  in  thin-bedded  novaculite. 
A  very  small  amount  of  brown  iron  oxide,  some  of  which  exhibits 
rainbow  colors,  was  found  here^    No  manganese  oxide  was  found. 

A  cut  24  feet  long  and  4  to  6  feet  deep  just  north  of  the  crest,  on 
claim  No.  10,  revealed  no  ore.  A  shallow  pit  on  the  same  claim 
about  300  feet  east  of  the  cut  shows  a  very  small  quantity  of  brown 
iron  oxide. 

Claim  No.  12  has  been  prospected  by  means  of  a  north-south  cut 
30  feet  long  and  3  to  6  feet  deep.  The  north  10  feet  of  the  cut  is  in 
contorted  thin-bedded  novaculite;  the  rest  is  in  shattered  massive 
novaculite,  which  is  cut  here  and  there  by  veins  and  pockets  of 
manganese  oxide,  generally  less  than  one-eighth  of  an  inch  thick. 
The  largest  pocket  is  5  inches  wide,  and  a  foot  of  its  length  is 
exposed. 

Two  shallow  north-south  cuts  on  claim  No.  13  show  a  very  small 
amount  of  brown  iron  oxide  but  no  manganese  ore. 

A  north-south  cut  72  feet  long  and  6  to  10  feet  deep  on  claim  No. 
14,  is  in  the  massive  novaculite  on  the  north  slope,  high  up  near  the 
divide  in  the  saddle  of  Leader  Mountain.  An  old  pit  in  the  north 
end  was  blasted  out  some  20  years  or  more  ago,  but  it  has  been 
enlarged  during  the  making  of  the  cut.  A  zone  of  broken  novaculite 
6  feet  wide  and  dipping  50°-60^  N.,  parallel  with  the  bedding,  is 
near  the  north  end  of  the  cut  and  contains  lenses  of  manganese  oxides 
lying  mostly  along  the  bedding  planes.  The  largest  is  8  inches  wide 
at  the  widest  part.  Some  veins  have  been  found  along  joints  and 
reach  a  thickness  of  3  inches.  In  places  these  oxides  cement  novacu- 
lite fragments.  Farther  south  they  were  found  in  pockets  and  veins 
through  a  distance  of  12  feet,  but  they  constitute  only  a  small  per- 
centage of  the  bulk  of  the  rock.  The  manganese  oxides  are  wad, 
manganite,  and  psilomelane  mixed  with  much  brown  and  red  iron 
oxides. 

In  addition  to  the  above-described  localities,  where  manganese  ore 
was  found,  the  writer  saw  at  several  places  along  the  crest  thin  veins 
in  novaculite  outcrops  and  pieces  of  manganese  oxide  scattered  over 
the  surface. 

Penrose  describes  two  manganese  deposits  on  Leader  Mountain. 

One  of  these  is  the  Webb  Thornton  claim,*  on  the  eastern  part  of  the 

-J '. . 

^Penrose,  R.  A.  F.,  jr.,  op.  dt.,  p.  S68. 
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mountain  in  T.  4  S.,  R,  27  W.,  in  Montgomery  County,  and  is  prob- 
ably on  one  of  the  14  recently  located  claims  just  described,  but  to 
jadge  from  Penrose's  description,  given  below,  it  was  not  visited  by 
the  present  writer. 

A  pit  3  feet  deep  has  been  stink  on  a  deposit  of  manganese  in  the  gray  novacu- 
Ilte.  and  500  pounds  of  ore  are  said  to  have  been  shipped.  The  manganese  Is  a 
fiDe-gralned  soft  crystalline  ore  often  appearing  in  plumose  forms.  It  occurs  as 
the  cement  of  a  brecciated  novacuUte  and  forms  from  a  tenth  to  as  much  as 
two-thirds  of  the  whole  mass.  Occasionally  the  manganese  is  stained  with  a 
little  iron,  but  much  of  It  is  comparatively  free  from  that  impurity. 

The  pit  shows  a  width  of  about  5  feet  of  this  breccia,  and  though  the  same  ore 
is  seen  on  either  side,  it  is  in  very  much  smaller  quantities.  The  deposit  runs 
eloDg  the  top  of  the  mountain  but  thins  out  in  a  short  distance  in  both  direc- 
tions and  is  represented  either  by  simply  a  stain  or  by  thin  layers  of  ore  in  the 
DO?acalite. 

A  deposit  on  the  J.  Guy  Lewis  claim,  on  Leader  Mountain,  not 
visited  by  the  present  writer,  is  described  by  Penrose ^  as  follows: 

The  J.  Guy  Lewis  claim  Is  on  Leader  Mountain,  about  4  miles  west  of  the 
Thornton  claim  and  2i  miles  west  of  the  line  between  Polk  and  Montgomery 
counties.  A  small  cut  has  been  made  on  a  deposit  of  hard,  brittle,  brown  hema- 
tite, of  a  shaly  structure.  It  occurs  as  poclcets  and  lenticular  beds  in  the  novacu- 
Ute, the  largest  seen  being  a  pocket  2  feet  thick.  Such  deposits  are  scattered 
irregularly  through  the  rock  on  the  summit  of  the  mountain  over  a  breadth  of 
about  20  feet.  The  ore  is  traceable  in  intermittent  outcrops  for  half  a  mile  east 
and  west  from  the  cut,  and  also  occasionally  beyond  these  limits. 

Sometimes  a  few  small  masses  of  hard  steel-blue  manganese  ore  occur  in  the 
iron  ore,  especially  at  its  contact  with  the  country  rock. 

It  is  obvious  from  the  above  descriptions  of  the  manganese  deposits 
on  Leader  Mountain  that  at  no  place  has  ore  been  found  in  workable 
quantity. 

COSSATOT    MOITNTAIX    PBOSPECTS. 

Cossatot  Mountain  is  north  of  Mine  Creek,  a  tributary  of  Cossatot 
River,  and  is  a  westward  continuation  of  the  Missouri  Mountains.  A 
number  of  old  openings  are  on  the  mountain  in  the  southeastern  part 
of  T.  3  S.,  R.  29  W.,  2J  miles  east  of  Cossatot  River,  where  this 
stream  passes  Spring  Valley  School.  They  are  described  by  Penrose  * 
as  follows : 

Several  small  pits  have  heen  sunk  for  manganese  on  the  summit  of  the 
iDoontain,  and  a  tunnel  40  feet  long  has  been  run  into  the  north  side  about  20 
feet  below  the  summit  The  gray  novacullte  forms  the  crest  of  the  ridge,  and 
the  siliceous  shale  comprises  the  slopes.  The  tunnel  has  reached  the  novacullte 
through  the  shale.  The  manganese  is  in  the  form  of  a  crystalline  pyrolusite, 
mixed  with  a  hard,  massive  ore,  and  occurs  in  irregular  nests  from  a  quarter 
of  an  inch  to  3  inches  in  diameter  and  in  thin  seams  from  a  sixteenth  to  a 

^Penrow,  It  A.  F.,  Jr.,  op.  cit.,  p.  368. 
•Idem,  pp.  870-371. 
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quarter  Inch  in  thickness.  Such  bodies  of  ore  are  scattered  Irregularly  through 
a  breadth  of  about  40  feet  of  novaculite.  The  manganese  forms  but  a  small 
portion  of  the  ore-bearing  stratum,  and,  except  in  the  richest  places,  the  aggrre- 
gate  amount  of  the  scattered  bodies  of  ore  would  form  a  very  small  percentage 
of  the  mass. 

OSANT    PBOSPECT. 

The  Grant  prospect  consists  of  a  cut  about  a  quarter  of  a  mile  east 
of  Three  Oak  Gap,  on  the  south  slope  of  Cossatot  Mountain.  The 
cut  is  10  feet  long,  5  to  6  feet  wide,  and  4  to  6  feet  deep,  and  was 
blasted  20  years  or  more  ago  in  projecting  ledges  of  the  upper  divi- 
sion of  the  Arkansas  novaculite.  Pockets  and  veins  of  manganese 
and  iron  oxides  reaching  a  width  of  9  inches  were  found  along  cracks 
in  the  massive  novaculite,  which  has  been  minutely  fractured  and 
somewhat  faulted,  as  shown  by  the  presence  of  slickensides.  Some 
of  these  oxides  cement  many  of  the  fractured  pieces.  The  manganese 
oxide  is  more  abundant  than  the  iron  and  consists  of  hard  steel-blue 
psilomelane,  some  of  which  contains  small  crystals  of  manganite. 
The  iron  oxide  is  represented  by  both  brown  and  red  oxides. 

About  a  ton  of  manganese  ore  that  has  been  removed  from  the 
cut  and  since  scattered  around  it  on  the  surface  could  be  separated 
from  the  novaculite  by  hand  picking.  It  is  said  that  several  hundred 
pounds  of  this  material  has  been  carried  away  as  specimens. 

A  shallow  pit  from  which  a  little  manganese  oxide,  a  larger  amount 
of  brown  iron  oxide,  and  some  red  iron  oxide  have  been  removed  is 
about  50  feet  northeast  of  the  cut  just  described,  on  the  same  ledges 
of  novaculite. 

A  pit  revealing  massive  brown  iron  oxide  along  bedding  and  joint 
pjanes  has  been  dug  about  a  quarter  of  a  mile  west  of  the  above- 
described  locality,  on  the  same  bed  of  novaculite.  Very  little  man- 
ganese was  seen  here. 

BIG  FOBK. 

A  number  of  small  openings  on  manganese  deposits  a  few  miles 
southwest  of  Big  Fork,  in  Polk  County,  have  recently  been  made  by 
farmers.    None  of  the  lo«alities  wei:jB  visited  by  th§  writer. 

OTHEK  DEPOSITS  IN  FOI^K  COXTNTY. 

Sotae  manganese  deposits  in  Polk  County  that  were  not  visited  by 
the  writer  are  described  by  Penrose,^  as  follows: 

Painted  Rock  Tunnel — Pointed  Rook  Tunnel  Is  In  4  S.,  28  W.,  sec.  19,  and 
is  the  property  of  the  Arkansas  Development  Go.  A  deposit  of  hard  laminated 
brown  hematite  occurs  here,  Interbedded  in  jirray  and  black  siliceous  shale. 
The  rocks  stand  vertically  or  dip  at  angles  of  70*-80*  N.  and  form  part  of  a 

^Penrose,  R.  A.  F.,  Jr.»  op.  dt.,  pp.  858-^71, 
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Inw  hill,  A  tunnel  has  been  run  In  at  the  foot  of  the  hill.  Just  above  the  level 
nl  a  small  creek,  and  follows  the  Iron  ore  hi  the  direction  of  the  strike  of  the 
met  for  about  100  feet  The  ore  occurs  In  a  series  gf  parallel  strata  from  1 
ii>  12  Inches  In  thickness,  separated  by  similar  strata  of  shale,  or  of  clay 
Kblch  lias  resulted  from  the  ilecomposltion  of  the  shale.  The  northern  part  of 
Ihe  hill  Is  composed  of  the  gray  novaciilite,  and  the  ore  occurs  near  the  contact 
of  the  shale  with  that  roch.  Tlie  roclis  strike  across  the  hill,  and  the  ore  can 
be  traced  a  distance  of  a  quarter  of  a  mile  over  the  summit  and  down  to  a 
crevk  oD  the  other  side.  The  alternating  strata  of  Iron  ore  and  shale  occnpy 
iiicether  a  belt  var^'ing  from  20  to  60  feet  in  width.  Sometimes  the  ore  In  a 
inieD  stratum  runs  out  and  Is  represented  by  rock  for  a  few  feet,  but  it  usually 
uppears  again  beyond.  In  places  the  combined  thlckneBS  of  all  the  ore  strata, 
[[  brought  together,  would  amount  probably  to  over  5  or  6  feet;  in  others  it 
would  not  be  a  quarter  of  that  thickness. 

Tall  Peak  Slountain. — -Tall  Peak  Mountain  forms  part  of  a  lonf;  novacnllte 
ridKe  known  as  Raspberry  Mountain,  which  runs  in  a  general  tllrection  a  little 
luirth  of  west  acrosB 
llii-  headwaters  of  the 
inline  River  and  the 
Harris  Creek  fork  of 
the  Coesatot  River. 
t)n  the  lower  part  of 
ihe  aorthem  slope  of 
Tall  Peak  Mountain, 
va  a  claim  controlled 
t>i  the  Arkansas  De- 
velopment  Co.,    In    4    S.,  m  0  K)  TO         JO         40  SOheit 

i9  W..  sec.  24,  the  gray  ' • ' ' -■ 

oovocullte  Is  Impreg-  Fianu  IS.— Sfctloo  od  the  north  ilope  of  Tall  Peak  Hoon- 
nated  with    manganese         t*'".  P"*  County,  Ark.,  Bbowing  Ihe  occnrrenc^e  at  man- 

for  a  width  of  about  "P-""  ""  '"  "^  «"'  -"^■^""^  (*""  ^^"J^ 
_  a.   Gray   novacnllte;   b,   mansanese-bearuig   part   of   the 

M  feet  The  ore-bear-  novacnllte  <blavk  parts  reprewnt  ore)  ;  o,  slUccoiu  sbale, 
Ing  |«rt  of  the  novacu- 

lllf  Is  Bt  the  contact  of  that  rock  with  the  shale  and  protrudes  In  a  low  ledge 
above  the  surrounding  surface.  Its  relation  tu-the  dlfCerent  rocks  Is  shown  In 
the  accompanying  figure  [flg.  12],  which  represents  a  north-south  section  across 
a  part  of  tlie  claim. 

Tlie  ore  Is  In  iKickets  and  lenticular  layers  scattered  through  the  rock,  the 
larcest  seen  being  2  feet  long  by  from  3  to  6  Inches  In  thickness.  It  occurs 
iDth  In  the  furm  of  a  hard  massive  steel-blue  ore  and  as  a  Snely  crystnlllne 
voriety,  the  crystals  frequently  being  grouped  In  a  plumose  form  and  having  a 
brown  streak.  Occasionally  the  manganese  contains  smail  quantities  of  Iron, 
liiii  It  Is  generally  comparatively  free  from  that  Impurity. 

On  the  west  the  ore-bearing  stratum  disappears  under  the  gravel  of  a  small 
riwk;  on  the  east  It  rapidly  thins  out  on  the  slope  of  the  monntaln  and  Is 
replaced  by  the  pure  gray  novaculite. 

The  usual  strata  of  brown  hematite,  from  1  to  12  inches  In  tiilckness,  occur 
Id  the  siliceous  shale  shown  In  the  figure  to  the  south  of  the  manganese.  A 
tDDnel  was  run  Into  this  rock  with  the  Intention  of  reaching  the  manganese 
but  was  not  contlnned  far  enough  to  do  so.  At  the  mouth  of  Ihe  tunnel  the  shale 
Is  alDHwt  horlEontal.  but  to  the  north  It  rapidly  curves  around,  and  when  it 
'eaches  the  novaculite  it  Is  dipping  at  the  same  steep  angle  as  that  rock.  The 
*>iale  has  In  many  places  been  decomposed  Into  a  fine  gray  clay  containing 
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layers  of  the  unaltered  rock.    The  following  analysis  shows  the  composition  of 
the  manganese  ore  on  this  property : 

Analysis  of  manganese  ore  from  TaU  Peak  Mountain,  Polk  County. 
Manganese 62. 16 

Silica .24 

Phosphorus „      .  39 

Manganese  peroxide,  77.60. 

East  Hannah  Mountain;  the  High  Peak. — ^The  High  Peak  of  Hannah  is  a 
I)art  of  the  Hannah  Ridge,  about  3  miles  east  of  the  Cossatot  River.  On  the 
south  slope  of  the  mountain,  and  probably  about  300  feet  from  the  summitt  is 
a  depoolt  of  brown  iron  ore  in  the  gray  noyaculite.  The  deposit  is  3  feet  in  the 
widest  part,  and  about  two-thirds  of  it  Is  composed  of  ore.  It  follows  along 
the  slope  of  the  mountain  for  about  10  feet  and  beyond  these  limits  becomes  thin 
and  is  often  represented  only  by  a  stain. 

East  Hannah  Mountain;  the  William  AUen  claim, — The  William  Allen  claim 
is  on  the  north  side  of  East  Hannah  Mountain,  near  its  base,  about  a  mile  and 
a  half  east  of  the  Cossatot  River.  It  is  on  what  is  known  as  the  Condor  "  lode," 
which  contains  manganese  ore  in  seams  and  pockets  from  a  fraction  of  an  inch 
to  8  or  10  inches  in  thickness,  scattered  through  the  novaculite.  The  latter  size, 
however,  is  exceptional,  and  the  largest  mass  seen  measured  3  by  6  by  10 
inches.  The  ore  is  of  both  the  crystalline  and  massive  varieties,  the  former 
often  showing  a  plumose  structure.  The  massive  variety  is  hard  and  often  in 
stalactitic  and  mammlllary  forms.  The  manganese  is  associated  with  a  glossy 
black  iron  ore. 

East  Hannah  Mountain;  the  west  end, — On  the  western  end  of  East  Hannah 
Mountain,  in  the  neighborhood  of  the  Cossatot  River,  both  manganese  and  iron 
are  scattered  in  small  quantities  through  a  belt  of  novaculite  varying  from  5 
to  20  feet  in  width.  In  some  places  the  ore  is  iron  and  in  others  manganese; 
in  still  others  both  ores  are  mixed  together  in  varying  proportions.  They  occur 
In  thin  seams  along  lines  of  bedding  or  Joint  cracks,  or  as  the  cement  of  a 
brecclated  novaculite;  in  places  also  they  are  in  small  nodules  and  often  form 
only  a  stain  in  the  rock.  The^  rocks  dip  uniformly  to  the  north  at  angles  of 
from  GO^  to  80°. 

West  Hannah  Mountain;  the  William  AUen  claim, — ^This  one  of  the  William 
Allen  claims  on  West  Hannah  Mountain  is  a  quarter  of  a  mile  west  of  the 
Cossatot  River,  on  the  north  slope  of  the  mountain,  and  on  what  is  known 
as  the  Fawn  "  lode."  The  manganese  is  in  the  gray  novaculite,  near  its  contact 
with  the  shale.  The  ore  Impregnates  the  rock  for  a  width  of  10  feet  in  small 
seams  and  pockets  from  a  quarter  of  an  Inch  to  3  inches  in  thickness  and  is 
both  massive  and  crystalline.  The  manganese  is  associated  with  small  quan- 
tities of  brown  iron  ore. 

West  Hannah  Mountain;  the  Bowen  claim, — ^The  Bowen  claim  is  on  the 
summit  of  West  Hannah  Mountain,  at  Its  extreme  west  end,  4  miles  west  of 
the  Cossatot  River,  and  overlooks  the  valley  of  Brushy  Fork.  Manganese  is 
found  here  in  the  crystalline  form  with  smaller  quantities  of  a  hard  massive 
ore.  It  occurs  in  thin  discontinuous  seams  occupying  cracks  and  Joints  in 
the  novaculite  and  sometimes  forming  the  cement  of  a  breccia.  The  largest 
mass  of  solid  ore  visible  is  3  inches  in  thickness  and  3  feet  in  length,  thinning 
out  at  both  ends. 

Buckeye  and  Shadow  Rock  mountains. — ^Buckeye  ami  Shadow  Rock  are  names 
given  to  different  parts  of  a  novaculite  ridge  which  runs  parallel  to  and  imme- 
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diately  north  of  East  Hannah  Mountain  in  4  S.,  28  and  29  W.  In  its  eastern 
part  it  is  known  as  Buckeye  Mountain  until  within  about  4  or  5  miles  of  the 
C(fe<8atot  River,  and  from  that  on  to  the  river  it  is  known  as  Shadow  Rock 
Mountain.  The  ridge  rises  from  500  to  800  feet  above  the  Ck)ssatot,  Its  average 
height  being  much  lower  than  that  of  East  Hannah  to  the  south.  It  is  separated 
frum  the  latter  ridge  by  a  deep  ravine  which  mari^s  the  course  of  Short  Creek, 
a  tributary  of  the  Gossatot 

A  large  number  of  claims  have  been  taken  on  exposures  of  manganese  and 
iron  on  both  ends  of  the  mountain,  and  tlie  principal  ones  are  here  described: 

1.  Manganese  Mountain:  Manganese  Mountain  is  a  small  spur  of  Buckeye 
Mountain,  running  out  from  the  south  side  of  the  ridge  about  5  miles  east  of 
the  Cossatot  River.  Manganese  is  found  here  in  the  gray  novaculite  in  the 
form  of  a  hard  massive  steel-blue  ore,  blending  at  times  Into  a  semlcrystallino 
ore.  It  is  generally  In  the  form  of  flat,  botryoidal,  or  concretionary  masses, 
often  having  hollow  interiors.  It  tends  to  follow  lines  of  bedding,  but  it 
aL<o  runs  off  In  Joint  cracks.  The  bedded  layers  are  the  larger,  and  one  of 
tliem  measured  from  3  to  6  inchas  in  thickness  and  4  feet  in  length.  The 
seams  In  the  Joint  cracks  rarely  measure  over  a  quarter  of  an  inch  in  thickness, 
though  they  are  often  so  numerous  as  to  honeycomb  the  rock  in  all  directions. 

The  accompanying  figure  [flg.  13]  shows  the  character  of  the  bedded  deposits 
in  the  side  of  a  small  opening  on  the  summit  of  the  spur.  It  will  be  observed  In 
the  figure  that  the  lenticular  layers  of  ore  lie  intermittently  along  different 
planes  of  stratification,  and  that  they  are  separated  along  the  same  planes  by 
barren  areas,  which,  however,  are  generally  stained  with  iron  ore  or  man- 
jranese.  Sometimes  the  layers  of  ore  are  simply  flat  concretions.  The  follow- 
ing analysis  shows  the  composition  of  the  ore  from  this  locality : 

AnalyHs  of  manganese  ore  from  Manganese  Mountain,  Polk  County. 

Manganese 42. 75 

Iron 2.  72 

Silica 10. 46 

Phosphorus .  45 

Manganese  peroxide,  62.75. 

2.  The  Walston  claim :  The  Walston  claim  is  on  the  same  hill  as  the  last- 
named  locality  and  a  quarter  of  a  mile  northwest  of  it.  Layers  from  2  to  6 ' 
inches  in  thickness  of  glossy  black  or  dark-brown  iron  ore  are  Interbedded  in  the 
gray  novaculite.  The  ore  also  runs  across  the  stratification  in  fractures  in  the 
rock.  The  deposit  occurs  at  the  crest  of  a  small,  local  anticline,  and  the  layers 
of  ore  dip  off  in  both  sides  of  the  pit.    No  manganese  was  seen  at  this  oi)enlng. 

Another  one  of  the  Walston  claims  is  near  the  last  and  at  the  point  where 
Manganese  Mountain  Joins  the  main  Buckeye  Mountain.  Iron  ore  similar  to 
^t  Just  mentioned  has  been  found  here  In  a  small  pit  now  mostly  flUed  up.  It 
Is  said  to  have  been  in  larger  quantities  than  at  the  last  place. 

C.  C.  Avant  claims, — Mr.  Avant  owns  several  claims  in  the  vicinity  of  the 
Qpper  waters  of  the  Cossatot  River,  and  two  of  them  are  here  described : 

1.  Manganese :  This  claim  is  in  4  S.,  29  W.,  sec.  6,  on  a  novaculite  ridge  run- 
ning parallel  to  and  north  of  West  Hannah  Mountain.  The  ore-bearing  stratum 
Js  known  here  as  the  Eldridge  "  lode,"  and  the  Avant  claim  Is  near  its  eastern 
^nd,  a  few  hundred  yards  west  of  where  the  ridge  slopes  off  to  the  valley  of 
^he  Cossatot  River.  Manganese  ore  is  found  In  the  gray  novaculite  on  and 
near  the  stunmlt  of  the  mountain  and  Is  of  a  hard  steel-blue  variety,  often  In 
»talactltlc  and  mammillary  forms.  The  ore-bearing  part  of  the  rock  varies 
from  1  to  5  feet  in  thickness  and  contains  the  ore  in  thin  seams,  from  a 
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fraction  of  an  inch  to  8  Inches  In  tlilckness,  following  the  strutlflcntlon  or  occu- 
pying Joinla  nnd  cracks.  The  ore-beitrlng  Jcposit  dips  to  the  north  witH  the 
Inclosing  rock,  at  angles  from  70°  to  90°,  nod  Is  traceable  foj  serernl  hundred 
yards  along  the  monntaln,  when  It  tlilns  out,  widening  neain  to  the  west. 

2.  Iron :  This  claim  Is  in  4  S.,  30  W..  8ec.  1.  alwut  a  mile  west  of  the  last 
locality  (claim  1),  on  the  south  slo|)e  of  the  same  mountain,  and  about  a 
qiinrt.er  of  the  way  from  the  summit.  Here  the  ore-bearing  stratum  Is  repre- 
sented mostly  by  Iron  ore,  (hough  small  quantities  of  a  black  massive  man- 
ganese ore  sometimes  occur.  The  Iron  ore  is  In  the  form  of  a  brown  hematite 
and  forms  the  cement  of  a  brecclated  novncullte,  In  which  the  rock  masses  vary 
from  a  fraction  of  nn  Inch  to  0  Inches  In  diameter  and  are  sometimes  atalneil 
fiiroiigliout  by  Iron.  This  mlstiire  of  rock  and  ore  has  a  width  of  about  30 
feet  on  the  slope  of  the  moimtaln.  but  only  a  small  part  of  it  Is  composed  of  ore. 
TItc  Arkan»aa  Dei-rlopmcnt  Co.'t  mlikt. — The  Arkansas  Development  Co.'s 
mine  is  In  3  S..  30  W..  sec.  27.  and  Is  locally  known  as  the  Ward  mnnj^nese 

mine,   from   the    name 
of    the    former    super- 
intpndenL     It   l3    near 
I    tlie  headwaters  of  the 
Brushy     Fork    branch 
of  the  Cossatot   River, 
I    on  a  novacullte  ridge 
\    which   rises   over    400 
,    fi-et  above  the    cre^^k. 
It   Is   the   property    of 
I  .    .    9      jFeet  the  Arkansas  Develop- 

ment   Co.,     and     was 
Fiatmi  13. — Section  In  a  pit  OD  MiDganeiie  Uonntaln,  Polk    worked      during       the 
County,  Ark..  BhowlnK  the  occurrence  of  a.an8.ne.e  ore  In  ^ggg    „„j     u^y, 

tbe  gray   Dovacullte.     (After   I'eoroBe.)     o.  Gray   novacu-    ■' 

lite;  6,  manEBDew  ore.  April,  1889.  when  oper- 

ations were  Stopped. 
During  this  time  a  shaft  142  feet  deep  was  sunk  on  the  north  slope  of  the  ridge, 
and  a  tunnel  about  500  feet  long  was  run  Into  the  northern  side  near  tlje  level 
of  Brushy  Fork.  AI>out  20  tons  of  ore  are  said  to  have  been  taken  from  the 
shaft;  none  was  fcmnd  in  the  tunnel. 

The  summit  and  up|)er  slopes  of  the  ridge  are  composed  of  ^ay  novacullte, 
while  on  the  north  side,  where  tlie  tunnel  has  been  run,  the  lower  slopes  are 
composed  of  black  siliceous  shale.  The  manganese  occurs  In  tbe  novacullte  In 
the  form  of  crystalline  pyrolusite.  associated  with  a  hard  Iron-gray  massive  ore. 
the  former  often  coating  the  latter  as  an  incrustation,  and  both  occurring  In 
kid  [ley -shaped  or  stalactltlc  forms.  Sometimes  small  quantities  of  a  black  Iron 
ore  (Umonlte)  showing  a  glossy,  brilliantly  Iridescent  surface,  are  associated 
with  tlie  manganese,  but  a  large  part  of  the  latter  Is  free  from  such  impurity. 

The  raanganese-bearlng  de[>i)sit  varies  from  1  to  2  feet  In  thickness  and  dips 
almost  vertically.  The  ore.  however,  coniiH)ses  only  a  small  part  of  this  anil 
usually  occurs  as  thin  seams  and  pockets  from  a  fraction  of  an  Inch  to  over  2 
inches  In  thickness,  jjcattpred  Irregularly  through  the  rock.  Occasionally,  how- 
ever, the  ore  widens  out  Uw-ally  lulo  pockets,  of  somewhat  larger  size.  Some- 
times the  ore  disappears  altogether  or  Is  represented  only  by  a  stain  Id  the  rock, 
but  widens  out  again  at  Irregular  intervals. 

Other  openings  made  hy  the  Arkaniai'Denrliipmml  Co.  on  Brvshy  Fork.'— 
Several  other  smaller  openings  have  lieeu  maiie  by  the  Arkansas  Development 

'  Several  properties  owned  by  this  company  elsewhere  In  Polk  County  have  alread)- 
been  described  (pp.  llG-118). 
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Co.,  on  hoth  manganese  and  iron,  in  the  same  neighborhood  as  the  Ward  mine. 
The  most  important  are  given  below : 

L  The  Jumbo  pit :  The  Jumbo  pit  is  500  yards  east  of  the  Ward  mine,  on  the 
north  slope  of  the  same  ridge.  Manganese  ore  impregnates  the  novaculite  in 
the  same  way  as  at  that  place.  A  pit  15  feet  deep  and  8  feet  square  has  been 
sunk,  and  on  all  sides  of  it  are  seen  thin,  irregular,  and  discontinuous  "  string- 
ers'*  of  ore,  from  1  to  5  inches  in  thickness,  either  in  lines  of  bedding  or  in 
joint  cracks.  The  novaculite  is  generally  stained  a  buff  or  a  brown  color  and 
is  soft,  often  disintegrating  into  a  powder. 

2.  Tunnel  No.  2 :  Tunnel  No.  2  is  little  over  half  a  mile  east-northeast  of  the 
Ward  mine.  It  Is  20  feet  long  and  was  run  Into  a  gray  siliceous  shale,  on  a 
deposit  of  brown  iron  ore.  The  ore  is  a  brown  hematite,  interbedded  in  the  rock 
in  irregular  pockets,  from  a  few  inches  to  a  foot  or  more  in  thickness.  The  ore 
is  laminated  and  has  much  the  same  structure  as  the  inclosing  shale,  into  which 
it  blends  both  laterally  and  vertically.    The  quantity  of  ore  is  very  limited. 

Two  hundred  yards  northeast  of  this  tunnel  is  a  small  pit  on  a  similar  ore  in 
a  similar  rock.  The  ore  frequently  forms  the  cement  of  a  breccia  of  fragments 
of  the  inclosing  rock  and  is  irregularly  scattered  through  a  stratum  3  feet  thick. 
The  shale  in  contact  with  the  ore  is  often  much  decomposed  and  exists  in  the 
form  of  a  fine  siliceous  powder. 

Sb  Shaft  No.  8 :  Shaft  No.  8  is  over  a  half  mile  northeast  from  the  Ward  mine 
and  is  a  pit  8  feet  square  and  20  feet  deep,  sunk  for  manganese  in  the  gray 
novaculite.  The  ore  occurs  in  small  nests  and  thin  discontinuous  seams,  from 
1  to  6  Inches  in  thickness.  Sometimes  they  follow  joints,  but  tlie  largest  seams 
are  In  the  bedding  planes  of  the  rock,  which  pitches  to  the  southwest  with  an 
undulating  dip  of  about  30'.  The  deposits  in  the  Joint  cracks  frequently  cross 
those  in  the  lines  of  bedding,  showing  that  the  ore  in  the  bedding  planes  was 
deposited  previously  to  that  in  the  joints. 

4.  Shaft  No.  4 :  Shaft  No.  4  is  near  shaft  No.  8,  is  about  the  same  size,  and 
has  been  sunk  in  the  novaculite  for  manganese.  The  ore  is  a  hard,  massive 
variety  In  a  mammillary  form  and  occurs  as  in  shaft  No.  3,  in  lines  of  l>edding 
and  in  joint  cracks.  The  largest  seam  measured  was  4  inches  tliick  and  4  feet 
long,  representing  a  lenticular  layer. 

Little  Manganese  Mountain, — Little  Manganese  Mountain  is  the  name  given 
to  the  western  end  of  the  novaculite  ridge  running  parallel  to  and  a  mile  south 
of  East  Hannah  Mountain.  Iron  and  manganese  are  found  on  it  a  mile  east 
of  the  Gossatot  River,  where  the  mountain  begins  to  slope  down  to  the  valley 
of  that  stream.  The  claim  is  owned  by  Mr.  William  Allen  and  is  known  as 
the  Cave  **lode."  The  ridge  here  is  composed  mostly  of  gray  novaculite, 
dipping  at  angles  of  from  45°  to  60°  N.  and  overlain  on  the  northern  slope 
by  the  siliceous  shale.  In  the  novaculite  near  the  contact  with  the  shale  are 
discontinuous  strata  of  brown  hematite,  associated  with  smaller  quantities  of 
manganese  and  varying  from  a  fraction  of  an  inch  to  4  inches  in  thickness. 
They  run  sometimes  continuously  in  the  direction  of  the  ridge  for  50  or  60 
feet  and  then  thin  out,  appearing  again  beyond.  The  manganese  is  in  much 
smaller  quantities  than  the  iron  ore  and  occurs  in  nodules  and  thin  seams.  As 
a  rule  the  iron  ore  seems  to  be  largely  confined  to  the  contact  of  the  novaculite 
and  shale,  while  the  manganese  is  found  not  only  there,  but  also  in  the 
novaculite,  farther  from  the  contact  line. 

HATTON. 

Prospecting  was  done  during  the  summer  of  1916  on  a  number  of 
nianganese  deposits  on  the  novaculite  ridges  in  the  vicinity  of 

•82153'*— la— Bull.  660 9 


122         CONTRIBUTIONS  TO  ECONOMIC  GEOLOGY,  1917,  PART  I. 

Hatton.  The  following  information  on  that  locality  has  been  sup- 
plied by  George  Hammond,  of  Wickes,  Ark.* 

A  tract  of  land  owned  by  Jacob  Hoblitzel  in  sees.  13  and  14, 
T.  5  S.,  R.  32  W.,  has  been  prospected  and  several  hundred  pounds 
of  manganese  ore  obtained  here  was  shipped  to  a  chemist  in  Fort 
Smith,  Ark.,  for  experimental  work. 

Land  owned  by  M.  H.  Doty  in  the  SW.  i  sec.  18,  T.  5  S.,  R.  32  W., 
has  been  prospected,  but  only  samples  of  manganese  ore  have  been 
shipped. 

Considerable  prospecting  has  been  done  in  sec.  10,  T.  5  S.,  R.  32 
W.,  on  land  owned  by  E.  L.  Henson  and  leased  by  O.  W.  Thompson. 

Prospecting  had  been  temporarily  discontinued  when  the  writer 
was  at  Hatton  (July  23, 1916),  and  he  did  not  visit  the  workings. 

^Letter  dated  Dec  9.  .1916. 


TIN  RESOURCES  OF  THE  KINGS  MOUNTAIN  DISTRICT, 
NORTH  CAROLINA  AND  SOUTH  CAROLINA. 


By  Abthur  KIeith  and  Douglas  B.  Sterrett. 


INTRODUCTION. 

The  Kings  Mountain  district,  in  which  the  tin  ores  here  described 
are  found,  is  included  in  the  Gaffney,  Kings  Mountain,  Lincolnton, 
and  Gastonia  quadrangles  mapped  by  the  United  States  Geological 
Survey.  The  district  is  almost  equally  divided  betv^een  North  Caro- 
lina and  South  Carolina,  the  part  in  North  Carolina  being  a  little 
larger. 

The  examinations  on  which  this  report  is  based  were  made  by  the 
authors  in  preparing  the  Gaffney-Kings  Mountain  and  Lincolnton- 
Gastonia  folios  of  the  Geologic  Atlas  of  the  United  States.  A  previ- 
ous and  less  detailed  examination  was  made  by  L.  C.  Graton.^  Mr. 
Sterrett  carried  on  his  work  in  1908  and  in  subsequent  years  up  to 
1914.  The  district  has  also  been  examined  in  detail  by  Mr.  Keith, 
m  company  with  Mr.  Sterrett,  with  special  reference  to  the  general 
geology  and  the  formations  and  structures  of  the  region. 

GEOGRAPHY. 

The  Kings  Mountain  district  is  in  the  central  part  of  the  Piedmont 
Plateau,  of  which  it  may  be  considered  a  typical  area.  The  country 
is  one  of  broad,  flat  or  gently  rolling  ridges  that  become  more  broken 
near  the  larger  streams,  where  deep  valleys  have  been  cut.  The 
sky  line  as  viewed  from  the  liigher  ridges  is  that  of  a  nearly  level 
plain,  above  which  stand  a  few  elongated  hills  and  mountains,  called 
monadnocks.  Most  of  these  hills  are  in  a  narrow  central  northeast- 
ward-trending belt. 

A  few  low  ridges  rise  above  the  plateau  siirf ace  in  the  southeastern 
part  of  the  Lincolnton  quadrangle,  but  these  do  not  compare  in 
height  and  roughness  with  the  more  prominent  peaks  in  the  Kings 
Mountain  quadrangle,  to  the  south.  The  smooth,  broad  ridges  pass 
rather  sharply  into  steeper  slopes  at  the  foot  of  the  monadnocks  and 
near  stream  valleys.    Many  of  the  valleys  in  these  quadrangles  are 

^GntoD,  L.  C,  Reconnaissance  of  some  gold  and  tin  deposits  of  the  southern  Appa- 
lachlana:  U.  S.  Geol.  Survey  Bull.  293,  1906. 
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rather  broad  and  have  nearly  flat  bottoms,  but  some  are  V- 
witji  steep  walls.  The  relief  where  the  rivers  and  larger  stret 
cutting  through  hard  rocks  is  considerable,  and  the  hillsi 
steep  and  rocky. 

Characteristic  developments  of  the  rolling  upland  country 
seen  between  Kings  Mountain  and  Cherryville  and  on  to  the 
west  beyond  Floy.  The  relief  for  considerable  distances  ale 
ridges  in  these  areas  is  low,  and  the  side  valleys  are  shallow 
cultivated  lands  are  smooth  fields  with  deep  residual  soil  an 
scattered  outcrops  of  rock. 

The  plateau  ranges  in  elevation  from  750  to  1,050  feet  ab< 
level,  but  most  of  it  is  between  850  and  1,000  feet.  The  higher 
are  in  general  on  the  northwest,  and  there  is  a  decided  genera 
to  the  southeast.  The  stream  valleys  are  cut  50  to  200  feet 
the  general  plateau  surface,  and  the  residual  hills,  or  monad 
stand  from  100  to  700  feet  above  it.  The  highest  points  are 
Mountain  Pinnacle,  1,705  feet,  and  Crowders  Mountain,  1,62 
above  the  sea. 

The  town  of  Kings  Mountain  is  situated  at  an  elevation  of 
feet  on  the  principal  divide,  which  has  a  general  northwest  « 
between  the  drainage  basins  of  Catawba  and  Broad  rivers  and 
rates  the  district  into  nearly  equal  parts.  Broad  River  takes  a  f 
easterly  course  through  the  Gaffney  quadrangle  and  across  a  < 
of  the  Kings  Mountain  quadrangle.  Its  principal  tributarii 
Kings,  Bullocks,  Buffalo,  Cherokee,  and  Thicketty  creeks  and 
Broad  River.  The  chief  tributaries  of  Catawba  River  are  Ii 
Crowders,  Allisons,  Clark,  and  Beaverdam  creeks  and  the  i 
Fork  of  Catawba  River. 

The  Southern  Railway  runs  from  southwest  to  northeast  thr 
the  middle  of  the  district  and  connects  most  of  the  principal  tc 
including  Gaffney,  Blacksburg,  Kings  Mountain,  Bessemer  City 
Gastonia.  The  King\dlle  &  Marion  branch  of  the  Southern  ! 
way  runs  from  southeast  to  northwest  and  crosses  the  main  IL 
Blacksburg.  A  branch  of  the  Seaboard  Air  Line  Railway 
southwestward  through  Lincolnton  and  Cherryville.  Between 
semer  City  and  Gaffney  the  Southern  Railway  passes  within  a 
or  two  of  the  tin  belt,  and  no  known  deposit  of  tin  ore  in  this  bi 
more  than  3  miles  from  a  railroad.     (See  PI.  IV.) 

DESCRIPTIVE  GEOLOGY. 

PIEDMONT  PLATEAU. 

The  rocks  of  the  Piedmont  Plateau  are  of  both  igneous  and  9 
mentary  origin.  Both  kinds  of  rock  have  been  metamorphosed 
many  places.    In  some  localities  the  metamorphic  igneous  and  Si 
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mentary  rocks  are  not  sharply  distinct,  for  the  metamorphism  has 
been  so  extreme  that  nearly  all  traces  of  original  sedimentary  or 
igneous  nature  have  been  obliterated.  In  many  places  also  the  meta- 
morphic  igneous  rocks  are  not  sharply  separable  from  the  ordinary 
igneous  rocks,  for  a  single  intrusive  mass  may  have  become  metamor- 
phosed in  some  parts,  especially  near  its  borders,  during  processes  of 
mountain  building  and  may  show  little  or  no  evidence  of  change  in 
other  parts,  particularly  in  the  interior. 

The  metamorphic  rocks  of  sedimentary  origin  in  the  Piedmont 
Plateau  consist  of  gneisses  and  schists,  the  principal  varieties  of 
which  are  those  characterized  by  muscovite  or  biotite,  garnet, 
kyanite,  staurolite,  chlorite,  sericite,  ottrelite,  and,  in  some  rocks, 
quartz  and  calcite.  All  these  varieties  have  resulted  from  the  meta- 
morphism of  ancient  sedimentary  rocks  such  as  conglomerates,  sand- 
stones, shales,  limestones,  and  numerous  intermediate  kinds.  By 
metamorphism  sandstone  became  quartzite,  impure  or  shaly  sand- 
stone became  graywacke  and  gneiss,  shale  became  schist,  and  lime- 
stone became  marble.  Variations  in  composition  of  the  original  sedi- 
ments are  represented  by  variations  in  the  metamorphic  rocks.  Some 
of  the  sediments  were  in  part  of  volcanic  origin,  such  as  volcanic 
ash  or  tuflf  laid  down  in  water  with  varying  amounts  of  detrital  ma- 
terial derived  from  ordinary  land  waste.  The  metamorphism  of 
these  rocks  has  produced  varieties  of  crystalline  rocks  transitional  be- 
tween those  of  purely  sedimentary  origin  and  those  of  purely  igneous 
origin. 

The  metamorphism  of  some  of  these  igneous  rocks  has  been  so  ex- 
treme that  they  have  become  mica  and  garnet  gneisses  or  schists  that 
are  indistinguishable  from  similar  foliated  rocks  of  sedimentary  ori- 
gin. Diorite  and  many  basic  igneous  rocks  have  become  hornblende 
gneiss,  hornblende  schist,  chlorite  schist,  serpentine,  soapstone,  etc. 

The  igneous  rocks  of  the  Piedmont  Plateau  include  a  wide  range 
of  such  rocks  as  are  generally  classed  as  granite,  diorite,  gabbro, 
pyroxenite,  peridotite,  porphyries,  and  diabase,  with  many  interme- 
diate varieties.  Some  have  been  intruded  as  batholiths,  laccoliths, 
sills,  dikes,  or  stocks;  and  others  have  been  poured  out  as  surface 
flows.  The  eruptions  occurred  during  several  epochs.  The  older 
intrusives  have  been  more  or  less  metamorphosed  and,  as  stated  above, 
are  not  everywhere  sharply  distinct  from  the  metamorphosed  volcanic 
and  sedimentary  rocks. 

The  strike  of  the  formations  of  the  Piedmont  Plateau  is  generally 
northeast,  or  approximately  parallel  with  the  trend  of  the  plateau  and 
the  bordering  Appalachian  Mountains,  but  locally  the  strike  may 
be  nearly  at  right  angles  to  the  prevailing  trend.  The  dip  of  the 
formations  is  generally  high  but  is  variable,  and  as  a  rule  it  is 
southeast. 
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KINGS  MOUNTAIN  DISTBICT. 

The  district  here  described  contains  both  metamorphic  and  igneous 
rocks,  and  the  metamorphic  rocks  include  some  of  sedimentary  and 
some  of  igneous  origin.  In  age  the  rocks  range  from  Archean  to 
Triassic.  The  Archean  rocks  occupy  most  of  the  district,  especially 
its  northwestern  and  southern  parts.  Through  the  middle  of  the 
district  from  southwest  to  northeast  extends  a  belt  of  probably 
Cambrian  rocks,  including  schists,  quartzites,  conglomerates,  and 
marble,  and  of  probably  Algonkiail  rocks,  including  schists  and  tuffs. 
The  Archean  rocks  have  been  cut  by  masses  of  later  igneous  rocks — 
granites,  diorites,  etc. — some  of  which  are  of  great  size.  The  diorite 
and  one  body  of  granite  are  pre-Cambrian ;  two  other  granite  masses 
are  late  Paleozoic,  perhaps  Carboniferous.  The  formations  that  are 
associated  with  the  tin  deposits  are  the  Carolina  gneiss  and  Koan 
gneiss,  of  Archean  age;  the  Bessemer  granite,  of  pre-Cambrian  age; 
the  Whiteside  granite  and,  especially,  tin-bearing  pegmatites  of  late 
Paleozoic  age.  The  other  formations  represented  in  the  district  are 
not  associated  with  the  tin  ores  and  will  not  be  considered  here. 

STBUCTTTBE. 

The  rocks  of  the  district  have  been  extremely  folded,  to  some  extent 
faulted,  and  greatly  metamorphosed.  The  structural  features  result- 
ing from  extreme  compression  run  in  general  northeast,  as  is  usual  in 
the  Appalachian  Mountains  and  Piedmont  Plateau.  The  Cam- 
brian (?)  and  Algonkian  (?)  rocks  lie  in  a  corrugated  synclinal 
trough  between  uplifted  belts  of  Archean  gneisses  and  later  granites. 
This  trough  is  double,  having  two  major  downfolds,  between  which 
pre-Cambrian  rocks  reach  the  surface.  In  the  Archean  rocks  along 
the  northwest  side  of  this  general  trough,  at  distances  of  2  miles  or 
less  from  their  border,  lies  the  tin  belt.  In  the  area  between  Kings 
Mountain  and  Gaffney  this  boundary  between  the  Cambrian  (?) 
and  Archean  rocks  coincides  with  a  fault  that  dips  about  45**  NVV. 
The  folds  of  the  rocks  in  the  tin-bearing  belt  range  in  trend  between 
N.  60°  E.  and  N.  20°  E.  and  are  comparatively  regular  and  straight, 
as  are  also  the  folds  of  the  Cambrian  (?)  and  Algonkian  (?)  for- 
mations. On  both  sides  of  this  middle  belt  there  are  many  and 
great  local  departures  from  this  regular  structure.  In  the  tin  belt 
the  rocks  dip  northwest  at  various  angles,  usually  high.  Most  of 
the  minor  folds  are  closed  and  overturned  and  are  very  difficult  to 
detect.  The  faults,  doubtless  numerous,  are  likewise  obscure,  and 
comparatively  few  have  been  traced.  The  only  one  known  to  have 
affected  the  tin  belt  is  the  boundary  fault  mentioned  above. 
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CABOLINA  GNEISS. 

DistribiiHon. — ^The  Carolina  gneiss,  so  named  because  of  its  ex- 
tensive development  in  the  Carolinas,  is  the  most  widespread  forma- 
tion in  the  district,  as  well  as  the  oldest  rock  in  the  region.  It  is 
most  prominently  developed  in  the  northwestern  part  of  the  dis- 
trict, and  no  large  body  of  it  is  known  southeast  of  the  middle  syn- 
cline  of  Cambrian  (?)  rocks.  It  has  been  cut  into  elongated  and 
irregular-shaped  bodies  by  masses  of  intrusive  igneous  rocks. 

Character. — ^The  Carolina  gneiss  consists  of  an  immense  series  of 
interbedded  gneisses  and  schists,  prominent  among  which  are  mica 
gneiss  and  schist,  garnet  gneiss  and  schist,  and  kyanite  gneiss  and 
schist,  with  intermediate  varieties  and  granitoid  layers.  Less  abun- 
dant are  gneisses  and  schists  characterized  by  graphite  or  staurolite. 
Practically  aU  the  gneiss  and  schist  contains  quartz  and  mica,  either 
muscovite  or  biotite,  but  rock  that  contains  other  minerals,  such  as 
garnet  or  kyanite,  receives  its  name  from  these.  Thus  garnet  gneiss 
or  schist  may  contain  either  muscovite  or  biotite  or  both,  quartz, 
feldspar,  and  numerous  accessory  minerals. 

The  mica  gneisses  and  schists  are  so  diverse  in  texture  and  com- 
position that  it  is  difficult  to  give  a  general  description  of  them. 
The  schists  range  in  texture  from  coarsely  crystalline  to  fine  grained 
and  in  many  places  exhibit  variations  both  in  grain  and  in  mineral 
composition  within  a  thickness  of  a  few  inches.  Most  of  them  are 
composed  of  quartz  and  biotite  or  muscovite,  with  or  without  feld- 
spar, magnetite,  and  various  other  minerals.  In  some  the  mica 
scales  are  fine  to  medium  in  size;  in  others  they  are  as  much  as  a 
quarter  of  an  inch  in  diameter.  The  coarsely  crystallized  kinds  are 
commonly  associated  with  granite  or  pegmatite.  The  quartz  and 
other  minerals  of  the  schists  occur  in  aggregates  showing  about  the 
same  range  in  grain  as  the  mica  scales. 

The  schists  are  strongly  foliated  in  consequence  of  the  grouping  of 
their  mineral  grains  with  their  longer  dimensions  roughly  parallel. 
The  cleavage  of  the  mica  is  parallel  with  the  schistosity  of  the  rock, 
and  the  scales  wrap  or  fold  around  the  ends  of  the  other  minerals  or 
inclose  lenticular  masses  of  them.  The  quartz  of  the  schists  occurs 
in  flattened  or  lenticular  aggregates  of  small  grains.  These  lentils 
may  be  separated  or  connected  by  small  seams  of  quartz. 

The  structure  of  the  schists  renders  them  fissile,  cleavage  readily 
taking  place  both  between  the  diflferent  mineral  grains  and  through 
the  more  cleavable  minerals,  such  as  mica.  In  some  schists  cleavage 
in  more  than  one  direction  has  been  developed  by  compression  of  the 
rocks  in  more  than  one  period  and  in  diflferent  directions.  In  some 
rocks  the  later  cleavage,  or  "  slip  cleavage,"  is  due  to  a  parting  or 
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slipping  developed  along  a  series  of  small,  close  folds.  In  places  mica 
scales  have  been  formed  along  such  slips,  so  that  the  structure  closely 
resembles  the  original  schistosity.  Another  variation  in  the  mica 
schists  is  due  to  the  development  of  scattered  coarse  mica  crystals 
with  the  cleavage  turned  about  at  right  angles  to  the  schistosity. 
Such  crystals  have  been  developed  by  metamorphism  later  than  that 
by  which  the  schistosity  was  produced. 

The  mica  gneiss  of  tiie  Carolina  is  varied  in  texture  and  composi- 
tion. In  one  sense  it  may  be  considered  as  composed  chiefly  of  a  large 
variety  of  interlayered  schists,  the  gneissic  structure  being  due  to  the 
association  of  numerous  unlike  layers.  A  portion  of  the  Carolina 
gneiss,  however,  is  composed  of  granitoid  layers  that  consist  of  feld- 
spar, quartz,  and  either  or  both  muscovite  or  biotite  with  numerous 
accessory  minerals.  The  texture  of  this  variety  is  commonly  much 
coarser  and  the  foliation  less  pronounced  than  in  the  mica  schists. 
Some  of  this  gneiss  has  developed  from  homogeneous  rocks  and  con- 
sequently has  a  rather  uniform  texture  and  banding.  Other  masses 
have  been  derived  from  rocks  of  diverse  composition  and  conse- 
quently show  strong  banding  with  contrasts  in  texture. 

The  ordinary  gneisses  and  schists  grade  into  other  kinds  by  the 
addition  of  such  minerals  as  garnet,  kyanite,  and  graphite.  Where 
garnet  and  kyanite  are  abundant  and  occur  in  large  crystals  the 
texture  of  the  schists  differs  substantially  from  that  of  ordinary  mica 
schist.  Garnet  and  kyanite  tend  to  crystallize  with  but  little  adapta- 
tion to  the  parallel  arrangement  of  the  other  minerals  of  the  schists 
and  accordingly  produce  a  porphyritic  texture.  Graphite,  however, 
occui*s  in  plates  or  scales  parallel  with  the  mica,  and  its  presence  does 
not  change  the  general  texture  of  the  schists. 

The  interlayering  of  and  gradations  between  mica  schists  and 
gneisses  and  those  containing  garnet  and  kyanite  are  so  prevalent  and 
intimate  that  it  is  practically  impossible  to  show  all  varieties  sepa- 
rately on  a  map. 

BOAN  GNEISS. 

Distribution  and  name. — The  Roan  gneiss,  named  from  Roan 
Mountain,  on  the  North  Carolina-Tennessee  border,  where  the  for- 
mation is  extensively  developed,  occurs  in  large  masses  and  in  belts  or 
dikelike  bodies  cutting  the  Carolina  gneiss  in  practically  the  whole 
of  the  district.  It  forms  most  of  the  surface  at  the  south  border  of 
the  district,  and  in  the  north-central  part  it  occurs  in  areas  2  to 
5  miles  wide,  most  of  which  have  very  irregular  outlines,  especially 
near  the  intrusive  bodies  of  Whiteside  granite. 

Character. — ^The  Roan  gneiss  consists  chiefly  of  hornblende  schist, 
hornblende  gneiss,  schistose  diorite,  and  diorite.  In  places  there  are 
intercalated  layers  of  mica  schist  and  gneiss  and  garnet  schist  and 
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gneiss  not  essentially  different  from  similar  rocks  of  the  Carolina 
gneiss.  The  hornblende  beds  are  black  or  dark  greenish  black  in 
color,  and  the  other  schists  are  light  to  dark  gray.  The  hornblende 
rocks  are  of  uniform  composition,  even  in  rather  large  bodies.  Mas- 
sive diorite  occurs  in  some  of  the  larger  masses  of  Koan  gneiss,  but 
most  of  the  rock  is  somewhat  schistose.  Very  schistose  varieties  that 
are  apparently  composed  almost  wholly  of  hornblende  are  called 
hornblende  schist  but  are  as  a  rule  merely  modifications  of  the  diorite. 
In  places  homblendic  layers  are  separated  by  layers  of  quartz  or  feld- 
spar, and  the  rock  is  designated  hornblende  gneiss.  The  homblendic 
rocks  range  from  those  of  fine  texture  to  those  in  which  some  of  the 
crystal  grains  measure  half  an  inch  across.  The  mica  and  garnet 
gneisses  and  schists  within  the  Roan  gneiss  are  probably  masses  of 
the  Carolina  gneiss  included  in  the  original  diorite  at  the  time  of 
intrusion  or  subsequently  interfolded  with  the  Roan  gneiss.  Peg- 
matite occurs  through  much  of  the  Roan  gneiss,  as  in  the  Carolina 
gneiss. 

BESSEMEB  GBANITE. 

Distribution  and  name. — The  Bessemer  granite  crops  out  in  sev- 
eral broad  bands  in  the  central  part  of  the  district.  The  main  band 
lies  southeast  of  the  general  central  trough  of  Cambrian(?)  sedi- 
mentary rocks,  and  smaller  bodies  of  the  granite  appear  between  its 
two  main  parts.  One  of  these  minor  bodies  expands  to  the  north 
and  in  the  Lincolnton  quadrangle  underlies  Bessemer  City,  for 
which  it  is  named. 

Character. — ^The  Bessemer  granite  is  a  medium  to  fine  grained 
muscovite-biotite  granite  near  quartz  monzonite  in  composition.  It 
is  locally  porphyritic.  In  all  outcrops  it  has  a  strong  schistose  struc- 
ture, and  in  many  places  it  has  been  metamorphosed  into  white  and 
gray  quartz-sericite  schists  that  bear  no  resemblance  to  the  original 
granite.  Only  in  certain  favorable  outcrops  can  the  gradation  from 
the  schistose  granite  to  sericite  schist  be  seen.  The  porphyritic  va- 
rieties of  the  granite  have  in  some  places  been  metamorphosed  into 
qnartz-augen  sericite  schists  or  "  bird's-eye  "  schists. 

In  the  less  altered  parts  of  the  granite  the  constituent  minerals 
are  quartz,  orthoclase,  oligoclase,  muscovite,  biotite,  and  a  little 
magnetite  and  zircon,  with  secondary  clinozoisite  and  chlorite.  In 
the  metamorphism  of  the  Bessemer  granite  to  quartz-sericite  schists 
the  muscovite  has  been  largely  recrystallized  into  finer  scales  and  the 
potash  feldspar  has  passed  into  fine  scaly  sericite.  The  quartz  has 
m  part  recrystallized,  but  the  larger  grains  or  phenocrysts  retain 
more  nearly  their  original  size  and  position.  Much  silica  has  been 
set  free  in  alteration  during  metamorphism  and  deposited  in  the 
form  of  quartz  veins  cutting  the  sericite  schists.     The  Bessemer 
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granite  yielded  more  easily  to  processes  of  metamorphism  thau  tlie 
granitic  rocks  of  the  Carolina  gneiss. 

FEGMATITB. 

Pegmatite  is  abmidant  in  the  area  of  Archean  rocks,  and  a  few 
small  deposits  have  been  observed  in  other  formations.  The  rock 
is  variant  in  composition  but  normally  is  composed  chiefly  of  feld- 
spar and  quartz,  with  or  without  mica  and  other  minerals.  In 
some  varieties  feldspar  is  practically  absent,  and  the  pegmatite  is 
composed  chiefly  of  quartz  and  mica.  Pegmatite  is  allied  to  granite 
in  composition  but  is  of  more  varied  and  much  coarser  texture.  In 
some  of  it  individual  minerals  may  measure  more  than  a  foot  across. 

The  pegmatite  occurs  in  sheets,  lenses,  and  irregular  masses  rang- 
ing in  thickness  from  a  few  inches  to  many  yards  and  attaining 
half  a  mile  in  length.  These  masses  may  follow  the  bedding  or  the 
schistosity  of  the  country  rock  or  may  cut  across  them  at  various 
angles.  Most  of  the  deposits  are  too  small  to  be  shown  on  any  ordi- 
nary geologic  map,  but  some  of  the  larger  ones  and  those  of  special 
interest  because  of  their  mineral  associations  have  been  mapped  and 
will  be  shown  in  the  folios  describing  this  district,  which  are  now 
in  preparation.  A  few  of  the  pegmatites  have  a  pronounced  schis- 
tose structure,  but  most  of  them  are  massive.  Some  of  the  pegma- 
tites are  probably  of  Archean  age,  but  the  majority  are  probably 
younger  and  are  genetically  connected  with  post-Cambrian  granite 
intrusions,  especially  with  the  Whiteside  granite.  The  mineral  com- 
position and  variations  of  the  pegmatites  are  given  in  considerable 
detail  in  the  descriptions  of  the  mines  and  prospects  (pp.  135-146) . 

WHITESIDE  GRANITE. 

Distribution. — ^The  granite  of  this  region  that  has  been  correlated 
with  the  Whiteside  granite  of  the  Pisgah  and  other  quadrangles  to 
the  west  covers  large  areas  of  the  Kings  Moimtain  district.  It  has 
been  observed  at  many  places  in  the  region  between  this  district  and 
the  Pisgah  quadrangle,  and  it  has  been  mapped  in  the  Morganton, 
Mount  Mitchell,  and  Saluda  quadrangles  of  North  Carolina.  The 
name  is  taken  from  Whiteside  Mountain,  in  the  Cowee  quadrangle, 
west  of  the  Pisgah  quadrangle,  where  the  granite  crops  out  in  tre- 
mendous cliffs.  Because  of  its  relations  to  the  associated  rocks,  the 
Whiteside  granite  is  considered  to  be  of  later  age  than  Cambrian, 
and  possibly  it  was  intruded  during  the  mountain-building  period 
at  the  end  of  the  Carboniferous. 

Chhracter. — ^The  granite  is  composed  chiefly  of  orthoclase,  micro- 
cline,  and  oligoclase  feldspar,  quartz,  muscovite  and  biotite  mica. 
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and  such  accessory  minerals  as  magnetite,  apatite,  and  zircon.  Min- 
erals of  secondary  development  are  garnet,  epidote  or  zoisite,  chlor- 
ite, and  kaolinite.  The  feldspars  are  the  predominant  minerals  and 
the  micas  the  most  variable  in  abundance.  Muscovite  is  more  plenti- 
ful than  biotite.  Gramet  is  plentiful  in  some  parts  of  the  granite, 
especially  those  which  have  received  a  schistose  structure  through 
metamorphic  processes ;  in  some  of  these  the  garnets  measure  a  tenth 
of  an  inch  in  diameter. 

The  granite  is  generally  of  light-gray  color,  and  those  varieties 
in  which  biotite  is  scarce  are  nearly  white.  Most  of  it  has  a  medium 
to  jBne  grain,  especially  in  the  smaller  masses.  In  some  places  it 
shows  a  porphyritic  texture,  as  in  parts  of  the  mass  in  the  northeast 
comer  of  the  Lincolnton  quadrangle.  The  porphyritic  forms  ap- 
pear much  coarser  grained  because  of  the  considerable  size  of  the 
feldspar  phenociysts.  Variations  occur  in  different  parts  of  the 
same  bodies  of  the  granite,  some  showing  porphyritic  phases  and' 
others  the  more  even  grain  characteristic  of  the  greater  part  of  the 
Whitefflde  granite. 

The  Whiteside  granite  has  yielded  to  metamorphism  to  varying 
degrees.  In  many  places  there  is  a  gradation  from  typical  granite 
in  the  interior  of  a  mass  to  strongly  schistose  or  gneissic  granite  at 
the  border.  The  bulk  of  the  granite  shows  only  moderate  metamor- 
phism. 

In  places  the  Whiteside  granite  exhibits  flow  banding  marked  by 
an  arrangement  of  minerals  in  roughly  parallel  layers.  This  struc- 
ture may  have  developed  in  two  ways,  either  during  the  intrusion  of 
the  granite  magma  in  which  a  partial  segregation  of  the  minerals 
had  already  taken  place  or  by  the  mashing  and  flowing  under  pres- 
sure of  granite  which  contained  partly  absorbed  masses  of  other 
rocks.  These  processes  have  yielded  rocks  characterized  by  discon- 
tinuous irregular  wavy  bands  of  different  minerals.  The  flow  struc- 
ture may  be  present  in  one  part  of  a  granite  mass  and  absent  in  an- 
other a  few  feet  distant. 

Relations. — ^The  Whiteside  granite  is  intrusive  into  all  the  rocks 
with  which  it  is  in  contact  in  these  quadrangles  except  the  Triassic 
diabase  dikes.  Intrusive  relationia  are  shown  by  the  doming  action 
of  batholiths,  from  the  borders  of  which  the  layers  of  gneiss  dip 
away  at  various  angles,  by  the  inclusion  of  masses  of  the  gneisses 
with  which  it  is  in  contact,  by  the  occurrence  of  dikes  both  con- 
formable with  and  cutting  across  the  layers  of  the  inclosing  gneisses, 
and  by  the  relations  of  the  granite  to  pegmatite  that  cuts  other  rocks. 

The  best  illustration  of  batholithic  intrusion  is  around  Cherry  ville, 
where  the  Whiteside  granite  has  invaded  the  gneiss  as  a  great  batho- 
lith  and  also  as  sills,  especially  to  the  southwest  of  the  main  mass. 
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The  interlayered  masses  of  gneiss  and  granite  dip  away  from  the 
main  mass  of  granite  to  the  south  and  southwest. 

Sill-like  dikes  of  the  granite  are  abundant  in  the  gneisses,  es- 
pecially near  the  batholiths,  and  in  some  places  these  dikes  branch 
out  or  turn  across  the  schistosity,  cutting  from  one  layer  to  another. 

Irregular  bodies  of  pegmatites  occur  in  the  granite  and  extend 
from  it  out  into  the  surrounding  rocks.  The  texture  of  these  peg- 
matites varies  from  extremely  coarse  to  that  of  a  coarse  granite. 
In  places  pegmatite  appears  to  grade  into  the  granite.  The  in- 
variable association  of  the  pegmatite  with  the  granite  and  the  grada- 
tion of  the  one  into  the  other  show  that  they  are  related  in  origin. 
In  places  the  gneisses  and  schists  have  been  intruded  by  dike  after 
dike  of  granite  and  injected  by  so  much  pegmatite  that,  with  the  im- 
satisfactory  outcrops  in  this  region,  it  is  impossible  to  determine 
which  rock  is  the  more  abimdant,  the  original  gneiss  or  the  granite 
and  allied  pegmatite. 

Inclusions. — Within  the  Whiteside  granite  are  included  numerous 
masses  of  the  rock  intruded  by  it,  but  this  relation  is  best  exhibited 
where  the  hornblendic  rocks  of  the  Roan  gneiss  are  intruded  by  the 
granite,  especially  in  a  large  area  3  to  6  miles  south  of  Cherry  ville, 
in  the  Lincolnton  quadrangle.  Many  of  the  inclusions  have  been 
more  or  less  absorbed  by  the  granite  magma,  which  they  have 
changed  in  composition.  The  absorption  of  the  schists  of  the  Caro- 
lina gneiss  has  yielded  streaks  of  highly  micaceous  granite  grading 
into  highly  micaceous  schist.  When  they  were  intruded  the  horn- 
blendic formations  were  broken  up  into  more  blocklike  bodies,  which 
floated  out  into  the  granite  magma.  Such  inclusions  were  more  or 
less  dissolved  by  the  inclosing  magma,  so  that  the  magma  became 
more  basic  near  them.  Thus  the  composition  of  the  granite  may  be 
changed  over  considerable  areas,  and  gradations  occur  from  diorite 
inchisions  seemingly  to  quartz  diorite,  to  hornblende-biotite  granite, 
to  granite  rich  in  biotite,  and  to  the  normal  AVliiteside  granite. 

THE  TIN  DEPOSITS. 

GENEBAL  FEATT7BES. 

Distribution, — The  presence  of  cassiterite,  oxide  of  tin,  at  many 
places  in  the  Kings  Mountain  and  Lincolnton  quadrangles,  at  one 
place  near  Gaffney,  in  the  Gaffney  quadrangle,  and  at  one  locality  in 
the  Gastonia  quadrangle  has  led  to  much  prospecting  and  to  attempts 
at  mining.  In  at  least  one  place — ^the  Ross  mine,  near  Gaffney — 
placer  mining  was  temporarily  done  at  considerable  profit.  Several 
prospects  have  also  been  opened  in  the  Lincolnton  and  Gastonia 
quadrangles  north  and  northeast  of  the  Kings  Mountain  quadrangle. 
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Practically  all  the  work  on  cassiterite-bearing  veins  has  been  done  at 
a  loss,  but  this  work  has  not  been  sufficiently  conclusive  to  prove  or 
disprove  the  value  of  some  of  the  deposits. 

The  cassiterite  deposits  have  been  found  in  a  belt  extending  from 
a  point  2  miles  northeast  of  Grover,  about  parallel  with  the  general 
trend  of  the  rock  formations,  through  the  town  of  Kings  Mountain 
and  northeastward  to  Beaverdam  Creek,  6  miles  from  Lincolnton. 
So  far  as  known  the  Boss  tin  mine,  near  Gaffney,  is  on  an  isolated 
deposit,  but  this  lies  in  about  the  same  belt  of  rock  formations  as 
those  between  Grover  and  Kings  Moimtain. 

Inclosing  rocks. — The  tin  deposits  occur  in  pegmatite  masses 
within  Archean  rocks,  either  the  Koan  gneiss  or  the  Carolina  gneiss 
along  or  near  its  contact  with  the  Roan  gneiss.  The  belt  of  deposits 
lies  within  a  mile  northwest  of  the  belt  of  Cambrian  {%)  rocks  in  the 
Gaffney  and  Kings  Mountain  quadrangles.  To  the  north,  in  the 
Lincolnton  quadrangle,  the  tin  deposits  diverge  more  widely  from 
the  Cambrian  (?)  rocks,  but  in  the  Gastonia  quadrangle,  east  of  the 
Lincolnton,  they  approach  those  rocks  again. 

The  rocks  inclosing  the  pegmatite  are  hornblende  schist,  horn- 
blende gneiss,  diorite,  mica  schist,  and  mica  gneiss,  with  or  without 
accessory  garnet  and  kyanite.  These  formations  have  steep  dips 
along  the  tin  belt. 

Occurrence  of  pegmatite. — ^The  pegmatite  occurs  in  sheets  and 
lens-shaped  bodies  cutting  the  gneisses  and  schists.  Some  of  the 
pegmatite  masses  are  conformable  with  the  structure  of  the  inclos- 
ing schists,  but  others  cut  across  the  schist  layers  with  various  dips 
and  strikes.  Inclosed  in  the  same  formations  are  many  other  peg- 
matite bodies  which  are  more  or  less  similar  to  those  bearing  cas- 
siterite but  in  which  this  mineral  has  not  yet  been  found. 

There  are  great  variations  in  mode  of  occurrence  and  character 
of  the  pegmatites  of  the  tin  belt,  including  those  which  contain 
cassiterite.  The  masses  range  from  less  than  an  inch  to  100  feet 
in  width  rfnd  from  a  few  inches  to  probably  more  than  half  a 
mile  in  length.  Some  are  only  little  longer  than  they  are  wide; 
others  occur  as  large  thin  sheets.  Some  of  the  pegmatites  occur 
in  more  or  less  parallel  position,  others  in  a  belt  with  overlappmg 
ends  or  in  line  with  one  another,  and  others  lying  at  various  angles 
with  one  another.  The  occurrence,  where  exposures  are  poor,  of 
several  bodies  of  pegmatite  lying  parallel  and  a  few  feet  apart 
has  misled  some  observers  in  estimating  the  width  of  some  of  the 
deposits.  The  pegmatite  masses  may  fork  or  have  connecting 
branches.  They  may  turn,  swell,  pinch  out  abruptly  or  taper  down 
at  the  ends.  These  variations  may  occur  in  different  planes.  Some 
of  the  pegmatites  are  more  regular  than  others  and  hold  one  direc- 
tion of  strike  or  dip  for  considerable  distances.    The  greatest  irregu- 
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larities  occur  in  those  bodies  which  cut  accoss  the  schists  or  gneisses, 
or  in  those  which  branch  from  deposits  otherwise  conformable  with 
the  schistosity  of  the  inclosing  rock. 

Origin  of  pegmatite, — The  relations  of  the  pegmatites  to  the  in- 
closing rocks  are  chiefly  those  of  intrusives,  modified  in  some  places 
by  the  action  of  solutions  or  gases.  It  is  possible  that  some  of  the 
pegmatites  have  been  deposited  from  aqueo-igneous  solutions,  but 
probably  the  majority,  especially  of  the  larger  massive  deposits,  were 
mass  intrusions.  To  which  class  many  of  the  different  pegmatites 
belong  is  a  matter  of  uncertainty.  Both  types  are  supposed  to  be 
the  products  of  granitic  magmas  that  contained  an  excess  of  water 
and  possibly  gases  and  other  mineralizing  agents  under  conditions  of 
heat  and  pressure.  In  the  crystallization  of  a  granite  magma  water 
IS  expelled  and  in  part  accumulates  in  the  portion  of  the  magma  that 
remains  unsolidified.  This  remaining  magma  accordingly  becomes 
more  fluid  and  may  be  regarded  as  an  extremely  hot  concentrated 
aqueous  solution.  The  expulsion  of  this  liquid  magma  or  solution  into 
surrounding  rocks  gives  rise  to  masses  of  pegmatite,  which  grade 
between  typical  dikes  and  typical  veins.    . 

Composition  of  pegm^ite. — ^The  pegmatites  of  the  tin  belt,  includ- 
ing those  that  carry  cassiterite,  are  somewhat  diverse  in  composition. 
Some  are  composed  of  the  usual  minerals,  feldspar,  quartz,  and  mica, 
without  appreciable  quantities  of  other  constituents.  Others  carry 
spodumene  and  cassiterite.  Cassiterite  occurs  both  in  pegmatites 
which  contain  spodumene  an$l  in  those  which  do  not.  The  other 
minerals  observed  in  the  cassiterite-bearing  pegmatites  are  few  and 
not  important.  Such  minerals  as  wolframite  and  arsenopyrite,  which 
are  associated  with  tin  ore  in  other  regions,  appear  to  be  absent  here. 
The  variations  in  composition  consist  chiefly  in  variations  in  the 
proportion  of  the  different  minerals  present.  In  some  deposits  feld- 
spar predominates ;  in  others  quartz ;  in  some  mica  is  absent  and  in 
others  abundant. 

Great  irregularities  occur  in  the  distribution  of  the  minerals. 
Quartz  is  segregated  into  large  separate  masses  in  some  deposits  and 
mixed  through  the  rock  in  coarse  grains  in  others.  Cassiterite  in 
small  deposits  occurs  in  scattered  grains  through  one  part  of  the 
pegmatite  body  and  is  absent  a  number  of  feet  distant  in  another 
part.  In  some  of  the  large  pegmatite  bodies  the  cassiterite  is  irregu- 
larly scattered  through  large  masses  of  the  rock,  and  in  others  it 
occurs  more  or  less  irregularly  concentrated  along  one  wall  of  the 
pegmatite  as  a  smaller  vein  but  connected  with  the  main  mass.  In 
some  of  the  pegmatites  rich  in  cassiterite  feldspar  is  only  sparingly 
present  if  at  all.  This  kind  of  deposit,  then,  has  the  nature  of  greisen 
and  has  been  observed  as  lenses  or  streaks  in  larger  bodies  of  pegma- 
tite and  along  the  contacts  of  such  bodies  with  the  inclosing  rocks. 
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The  ca^teriU*  appears  to  have  been  one  of  the  first  minerals  in  the 
pegmatite  to  crystallize.  Its  boundaries  are  sharp,  although  crys- 
tal outlines  are  rather  rare.  Nowhere  has  a  gradation  between  cas- 
siterite  and  quartz  or  feldspar  been  observed,  as  there  would  be  if 
the  cassiterite  had  been  introduced  by  metamorphism  after  the  peg- 
matite was  formed ;  nor  are  there  inclusions  of  other  minerals  in  the 
cassiterite.  Accordingly  it  seems  clear  that  the  cassiterite  was  an 
original  constituent  of  the  pegmatite — a  view  which  has  already  been 
stated  by  Graton.  In  some  places  the  concentration  of  the  cassiterite 
in  greisen  along  the  pegmatite  border  indicates  metamorphic  action, 
during  which  there  were  mutual  reactions  between  the  dike  and  the 
wall  rock.  The  cassiterite,  the  earliest  mineral  to  crystallize,  formed 
first  near  the  wall.  The  reaction  of  wall  rock  and  dike  is  also  evi- 
dent by  the  unusual  coarseness  of  the  mica  schist  of  the  wall  in  many 
places. 

Age  of  tin  deposits. — ^The  rocks  in  the  tin  belt  are  of  two  classes — 
(1)  the  gneisses,  etc.,  of  Archean  age,  and  (2)  the  granites,  pegma- 
tites, and  quartz  veins,  which  cut  the  Archean  rocks.  The  Archean 
rocks  are  greatly  altered  by  deformation,  but  the  younger  rocks  show 
little  or  no  alteration.  The  Whiteside  granite  was  locally  rendered 
schistose  but  for  large  areas  is  massive  and  unaltered.  It  is  there- 
fore concluded  that  most  of  that  granite  is  younger  than  the  moun- 
tain-building movements  which  deformed  and  altered  this  entire 
region.  This  conclusion  assigns  to  the  Whiteside  granite  a  late 
Carboniferous  age.  Similar  reasoning  assigns  a  late  Carboniferous 
or  post-Carboniferous  age  to  the  pegmatites  and  quartz  veins. 

It  seems  probable  that  granite,  pegmatites,  and  quartz  veins  form 
a  cycle,  the  granite  having  invaded  the  Archean  rocks  nearly  at  the 
end  of  the  Carboniferous  period,  the  pegmatites  representing  a  later 
stage  of  intrusion,  partly  in  mass  and  partly  by  permeating  solu- 
tions, and  the  veins  being  the  final  products  of  the  cooling  magma. 
The  general  distribution  of  the  rocks  favors  this  view,  for  the  tin- 
bearing  pegmatites  are  not  in  the  granite  but  are  near  its  general 
southeast  margin,  while  the  quartz  veins,  more  or  less  mineralized, 
occupy  a  general  belt  southeast  of  and  farther  away  from  the  granite. 

MINES  AND  PBOSPECTS. 

GAFFNEY  QUADRANGI^E. 
B088  XIKE. 

The  Boss  tin  mine  is  about  1^  miles  northeast  of  Gaffney,  on  the 
northwest  side  of  a  small  hollow  that  drains  northeastward  into 
a  tributary  of  Providence  Branch.  The  work  consists  of  many 
open  cuts  and  placer  washings,  pits,  and  trenches,  and  a  shaft  more 
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than  130  feet  deep,  with  levels,  all  within  a  space  about  600  feet 
long  from  northeast  to  southwest  and  100  feet  wide.  Placer  mining 
has  been  done  on  the  lower  part  of  the  slope,  where  water  was  avail- 
able, and  material  obtained  above  this  place  has  been  carted  down 
to  the  sluice  boxes.  In  this  way  the  greater  part  of  the  hill  slope 
from  a  point  near  the  shaft  northeastward  to  the  branch,  a  distance 
of  about,  400  feet,  has  been  worked  over. 

The  shaft  and  underground  workings  were  not  accessible  at  the 
time  of  visit,  but  portions  of  the  vein  were  exposed  in  shallow 
workings,  and  these,  with  descriptions  by  Sloan  and  Graton,  furnish 
material  for  the  notes  here  given.  A  crosscut  was  driven  from  the 
shaft  northwest  to  the  vein  on  the  63-foot  level,  and  winzes  were 
sunk  on  the  vein  from  this  level  to  the  90- foot  level  and  there  con- 
nected by  a  drift.  The  shaft  cuts  the  vein  at  a  depth  of  nearly 
100  feet 

The  placer  material  consisted  both  of  weathered  vein  material 
approximately  in  place  and  of  hillside  debris  derived  from  the  vein. 
Where  the  loose  material  only  was  washed,  the  work  was  carried 
only  a  foot  or  two  deep,  but  where  the  weathered  outcrop  of  the 
vein  constituted  the  placer  material,  excavation  was  carried  to  depths 
of  more  than  10  feet. 

The  country  rock  consists  of  interlayered  hornblende  schist  and 
fine  biotite  gneiss,  probably  belonging  to  the  Roan  gneiss.  These 
rocks  strike  about  northeast,  and  dips  were  measured  ranging  from 
25°  SE.  in  the  branch  to  60°  SE.  in  the  mine  workings.  Along  the 
stream  the  rocks  are  only  sliglitly  altered,  but  in  the  imderground 
workings  the  saprolite  was  found  to  extend  to  depths  greater  than 
60  feet,  passing  gradually  into  less  altered  rock.  From  the  lower 
workings  hard,  fresh  wall  rock  was  brought  up  but  the  vein  material 
is  partly  altered  to  the  bottom  of  the  mine.  The  wall  rock  on  the 
dump  consists  of  rather  coarse  hornblende  schist  and  gametiferous 
biotite  gneiss.  The  pegmatite  in  the  upper  workings  is  decom- 
posed by  kaolinization  of  the  feldspars.  Specimens  examined  from 
the  lower  workings  are  hard,  compact,  and  schistose  and  contain  an 
abundance  of  compact  fine  sericite  or  pinite  and  a  fibrous  mineral 
like  sillimanite.  Under  the  microscope  were  observed  partly  seri- 
citized  orthoclase,  oligoclase,  muscovite  and  sericite,  sillimanite,  cas- 
siterite,  a  prismatic  mineral  that  is  probably  staurolite,  and  iron  ore. 

In  the  upper  workings  the  streaks  of  hornblende  schist  have 
weathered  to  dark  yellowish -brown  saprolite  and  the  mica  and  garnet 
gneiss  to  dark-grayish  saprolite.  The  pegmatite  is  represented  by 
masses  of  white  kaolin  and  a  little  intermixed  quartz  with  some  mica. 

The  cassiterite-bearing  pegmatite  occurs  as  a  series  of  irregular 
sheets  and  lenses  approximately  conformable  with  the  inclosing 
gneiss  and  schists — ^that  is,  it  has  a  northeast  strike  and  a  dip  of 
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50°-6O°  SE.  The  train  of  pegmatite  bodies,  or  "vein,"  is  from  1  to 
nearly  10  feet  wide,  and  the  individual  masses  measure  from  less 
than  an  inch  to  4  feet  in  width.  The  tin  content  varies  widely. 
Graton  mentions  a  100-pound  sample  taken  across  a  pegmatite  body 
on  the  75- foot  level  which  contained  9  poimds  of  cassiterite,  or  about 
6.5  per  cent  of  metallic  tin. 

Most  of  the  ore  taken  from  the  Koss  mine  was  decomposed  and 
hoft  and  could  be  readily  concentrated  in  sluice  boxes.  The  ore  taken 
from  the  lowest  workings,  however,  was  hard  and  would  require 
crusliing  before  concentration.  The  concentrates  obtained  have 
generally  averaged  over  65  per  cent  metallic  tin.  Sloan  states  that 
the  total  shipments  of  cassiterite  concentrates  from  the  Kosd  mine 
to  1906  amounted  to  about  130  tons.  The  shaft  was  sunk  to  its  pres- 
ent depth  in  1907.  Since  that  time  only  a  little  surface  testing  with 
some  sluicing  has  been  done,  resulting  in  a  production  of  a  few 
thousand  j)Ounds  of  concentrates. 

KINGS  MOUNTAIN  QUADRANGLE. 
LOOALIg!IES. 

Twenty  or  more  places  in  the  Kings  Mountain  quadrangle  have 
been  prospected  for  cassiterite.  During  1907  the  Blue  Kidge  Tin 
Corporation  worked  in  the  town  of  Kings  Mountain  and  at  several 
places  southwest  of  the  town  along  a  line  of  prospects  opened  by 
Ledoux  &  Co.  in  1888  and  1889.  A  promising  prospect  on  the 
Faires  place  was  tested  by  Capt.  S.  S.  Eoss  and  others,  of  Gaffney. 
Xamed  in  order  from  the  north  border  of  the  Kings  Mountain 
quadrangle  to  the  south  and  southwest  some  of  the  mines  and  pros- 
pects are :  The  old  Blue  Bidge  Tin  Corporation  mine,  on  the  west  side 
of  the  railroad  tracks  in  the  town  of  Kings  Mountain ;  Mrs.  Eliza- 
beth Falls's  prospect,  two-thirds  of  a  mile  south  of  the  town;  the 
Faires  prospect,  eight-tenths  of  a  mile  west  of  south  of  the  town; 
prospects  tested  by  the  American  Tin  Plate  Co.,  adjoining  the 
Faires  prospect  on  the  southwest ;  the  Mike  Plonk  prospect,  1 J  miles 
southwest  of  the  town ;  a  series  of  openings  made  by  Ledoux  &  Co., 
beginning  1^  miles  southwest  of  the  town  and  extending  one-third 
of  a  mile  southwest  along  a  ridge ;  an  old  prospect  opened  by  Ledoux 
&  Co.,  If  miles  southwest  of  the  town ;  the  principal  workings  of  the 
Blue  Ridge  Tin  Corporation,  2  to  2J  miles  southwest  of  the  town, 
consisting  of  two  shafts,  drifts,  and  some  placer  work;  three  pros- 
pects of  the  Blue  Bidge  Tin  Corporation,  beginning  west  of  the 
placer  ground  and  within  half  a  mile  to  the  southwest ;  other  pros- 
pects to  the  southwest  and  one  two-thirds  of  a  mile  southeast  of 
Crocker  opened  by  Capt.  Boss  in  1903.    Still  other  prospects  farther 
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southwest  are  reported  but  Were  not  examined.  Float  tin  has  been 
found  at  other  places  in  the  town  of  Kings  Mountain  and  along  the 
belt  southwest  of  the  town. 

KINGS  MOUNTAIN  MINE. 

At  the  Kings  Mountain  mine  of  the  Blue  Ridge  Tin  Corporation 
three  shafts  were  simk  from  50  to  7^  feet  deep  and  some  drifts  run 
from  them.  Two  of  the  shafts  were  about  50  feet  apart  and  near 
the  railroad  tracks.  A  mill  for  treating  the  ore  was  erected  close  by. 
The  third  shaft  is  about  150  feet  west  of  the  mill  and  on  a  different 
"vein."  The  workings  were  not  available  for  examination  at  the 
time  of  visit  and  little  could  be  learned  of  the  result  of  the  oper- 
ations. Rich  ore  was  found  in  pegmatite  debris  on  the  surface  and 
similar  rich  ore  was  reported  from  parts  of  the  underground  work- 
ings. 

The  country  rock  i§  strongly  folded  coarse  mica  schist  with  a  body 
of  similarly  folded  hornblende  schist  less  than  100  feet  to  the  south. 
The  strike  of  the  schistosity  of  these  rocks  is  north  to  west  of  north 
and  the  dip  about  vertical,  but  th^  contact  of  the  two  formations  runs 
as  a  whole  nearly  east,  although  jagged  in  detail.  This  is  due  to 
rather  close  folding  with  a  strong  northward  pitch  in  the  folds.  The 
cassiterite-bearing  pegmatites  are  nearly  conformable  with  the 
schistosity  of  the  inclosing  rocks,  and  the  ore  shoots  would  probably 
be  found  to  pitch  northward  in  conformity  with  these  folds.  The 
pegmatites  are  variable  in  width,  ranging  from  less  than  a  foot  to 
several  feet  as  exposed  near  the  collar  of  the  western  shaft.  Most 
of  the  pegmatite,  especially  that  rich  in  feldspar,  is  weathered  and 
soft  in  the  upper  part  of  the  workings,  but  some  of  the  greisenlike 
ore  rich  in  cassiterite  is  but  little  altered,  even  at  the  surface. 

Cassiterite-bearing  pegmatite  crops  out  about  150  yards  southeast 
of  this  mine  in  the  gutter  of  one  of  the  side  streets  of  Kings  Moun- 
tain and  is  reported  to  have  been  found  in  a  well  about  300  yards 
farther  south.  A  number  of  loose  cassiterite  crystals  were  found  one- 
third  of  a  mile  west  of  the  railroad  on  both  sides  of  the  street  lead- 
ing toward  Shelby. 

FALLS  PB08PE0T. 

The  Falls  prospect  is  on  the  east  side  of  a  small  hollow  in  the  south 
part  of  the  town  of  Kings  Mountain.  It  was  tested  a  number  of 
years  ago  by  trenching  along  the  hillside  and  sinking  some  shafts. 
Large  pegmatite  bodies  were  exposed  in  the  hillside  workings,  but 
little  cassiterite  was  found  in  them.  A  shoot  of  rich  greisen  was 
found  in  a  shaft  on  top  of  the  hill  east  of  the  trenches.  Here  the 
cassiterite-bearing  greisen  formed  a  pocket  or  shoot  about  2  feet 
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wide  in  a  body  of  pegmatite  about  8  feet  wide.  The  pegmatite  is  in- 
closed between  chlorite  schist  on  the  northwest  and  mica  schist  on 
the  southeast.  A  ledge  of  tourmaline-quartz  rock  crops  out  in  the 
branch  about  75  yards  southeast  of  the  place  where  the  tin  lead 
crosses  it.  This  ledge  is  composed  of  gray  to  smoky  quartz  pene- 
trated by  a  large  number  of  long,  thin  crystals  of  black  tourmaline. 
In  some  parts  the  tourmaline  composes  about  half  of  the  vein. 

FAntEB  PB08PE0T. 

Development  work  on  the  Faires  property,  a  quarter  of  a  mile 
southwest  of  the  Falls  prospect,  consists  of  several  pits  and  a  40- foot 
shaft  with  200  feet  of  drifts,  now  badly  caved  in.  A  10-foot  pit  at 
a  place  where  rich  float  was  found  exposed  a  cassiterite-bearing  peg- 
matite dike  3  feet  wide  striking  N.  30^  E.  with  a  high  northwest  dip. 
The  vein  was  cut  on  the  40-foot  level  by  a  crosscut  from  the  shaft 
on  the  southeast.  Here  the  pegmatite,  it  was  reported,  is  about  3 
feet  thick  and  carries  cassiterite.  A  drift  to  the  northeast  showed 
the  pegmatite  to  be  wider  and  to  carry  more  cassiterite.  Another 
pegmatite  dike  was  prospected  33  feet  southeast  of  this  "  vein  "  but 
did  not  carry  cassiterite.  The  pegmatite  from  the  underground 
workings  is  badly  decomposed,  most  of  the  feldspar  being  kaolinized. 
The  parts  richest  in  cassiterite  contain  less  feldspar  and  are  harder. 
Some  of  the  ore  taken  out  was  very  rich,  and  in  one  section  exposed 
the  rock  was  estimated  to  carry  about  10  per  cent  cassiterite.  The 
country  rock  is  hornblende  schist,  badly  decomposed.  A  tourmaline- 
quartz  vein  is  inclosed  in  the  schist  a  few  yards  southeast  of  the 
pegmatite. 

Other  prospects  were  opened  southwest  of  the  main  workings,  on 
other  outcrops  of  pegjmatite.  Cassiterite  was  found  in  some  of  these 
also,  and  in  one  of  the  exposures  appears  to  be  in  promising  quantity. 
About  300  or  400  yards  southwest  of  the  main  deposit  a  large  body  of 
spodumene-bearing  pegmatite  over  40  feet  wide  crops  out  promi- 
nently in  the  north  side  of  a  small  valley.  No  cassiterite  was  ob- 
served in  this  rock.  Similar  outcrops  of  spodumene-bearing  pegma- 
tite occur  within  half  a  mile  to  the  southwest,  but  most  of  them  lie 
northwest  of  the  belt  in  which  tin  ore  has  been  found. 

PLOKX  PBOSPECT. 

On  the  Plonk  property  a  long  trench  was  cut  across  the  formations, 
exposing  both  spodumene  pegmatite  and  cassiterite-bearing  pegma- 
tite inclosed  in  hornblende  schist.  The  formations  strike  N.  35°  E. 
and  dip  75°  NW. 
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OLD  LEDOUX  PB0SPECT8. 

Considerable  prospecting  has  been  done  along  the  ridge  adjoining 
and  to  the  southwest  of  the  Plonk  property,  first  by  Ledoux  &  Co.  in 
1888  and  1889  and  later  by  the  Blue  Ridge  Tin  Corporation.  At  the 
northeast  is  an  old  crosscut  trench,  where  little  is  to  be  seen  at  pres- 
ent. Next  is  a  trench  about  200  feet  long  and  5  to  20  feet  deep  along 
the  east  contact  of  a  large  pegmatite.  At  the  surface  the^  contact 
strikes  N.  25°  E.  and  dips  80°  NW.,  but  at  a  depth  of  20  feet  the  dip 
is  60°  NW.  Coarse  gametiferous  mica  schist  forms  the  footwall  of 
the  pegmatite.  Cassiterite  was  foimd  in  a  greisen-like  phase  of  the 
pegmatite  along  the  footwall.  The  cassiterite-bearing  portion  is 
from  1  to  3  feet  wide  and  is  rich  in  some  places  and  poor  in  others. 
It  is  reported  that  a  vertical  diamond-drill  hole  bored  over  100  feet 
west  of  the  "  vein  "  cut  5  feet  of  ore  at  a  depth  of  275  feet.  The  peg- 
matite dike  at  this  place  is  probably  at  least  25  feet  wide.  To  the 
northwest  are  other  large  masses  of  pegmatite  separated  from  one 
another  by  several  feet  of  schist.  These  bodies  do  not  crop  out  dis- 
tinctly, and  pegmatite  bowlders  have  rolled  between  them,  giving  an 
appearance  of  one  large  deposit  several  hundred  feet  wide.  Some  of 
them  carry  considerable  spodumene  but  apparently  no  cassiterite. 
The  cassiterite-bearing  mass  is  inclosed  in  mica  schist,  but  most  of 
the  other  masses  are  in  hornblende  schist. 

About  50  yards  southwest  of  the  long  trench  a  shaft  85  feet  deep, 
called  No.  1  by  the  Blue  Bidge  Tin  Corporation,  was  sunk  near  a 
pit  where  good  ore  had  been  found.  A  60-foot  crosscut  from  the 
shaft  cut  three  "  veins,"  one  of  which  carries  cassiterite.  These  peg- 
matite veins  are  in  interlaminated  hornblende  schist  and  gamet- 
iferous mica  schist.  Further  southwest  is  a  trench  100  feet  long 
and  3  to  12  feet  deep  on  a  contact  similar  to  that  just  described.  This 
contact  strikes  about  N.  25°  E.  and  dips  80°  W.  Cassiterite  was 
found  in  part  of  this  trench,  and  some  of  the  material  was  promising- 
looking  ore.  A  short  distance  to  the  southwest  two  shafts  have  been 
sunk,  one  on  spodumene  pegmatite.  Cassiterite  was  reported  in  both 
of  these  shafts. 

Near  the  end  of  the  ridge  a  trench  was  made  along  the  southeast 
contact  of  another  large  body  of  spodumene-bearing  pegmatite,  which 
carries  cassiterite  along  the  southeast  wall.  The  wall  rock  on  this 
side  is  chloritic  mica  schist. 

About  200  yards  west  of  this  trench,  on  a  knoll  across  a  small 
valley,  is  another  old  shaft,  60  feet  deep,  in  a  large  pegmatite  dike 
carrying  spodumene.  A  little  cassiterite  was  found  at  this  place 
and  also  at  another  pegmatite  outcrop  opened  by  two  pits  about  200 
yards  southwest.  The  inclosing  rock  is  hornblende  schist  at  both 
of  these  prospects. 
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At  the  northeast  end  of  the  outcrops  on  the  property  of  the  Bhie 
Ridge  Tin  Corporation  a  shaft  80  feet  deep  (No.  4)  was  sunk,  with 
a  60-foot  drift  to  the  southwest  on  the  60-foot  level.  A  20-foot 
prospect  shaft  was  sunk  south  of  the  main  shaft.  Two  "veins"  were 
found — one  in  the  20- foot  sliaft  and  the  other  along  the  rorthwest 
side  of  the  drift  on  the  60-foot  level.  The  material  of  these  "  veins  " 
consists  of*ischistose  greisen-like  pegmatite  and  is  reported  to  be  badly 
crushed  in  the  underground  workings. 

About  200  yards  to  the  southwest  is  shaft  No.  5,  130  feet  deep. 
Underground  workings  cut  two  "  veins "  carrying  cassiterite.  ^  One 
of  these  veins  that  crops  out  15  feet  southeast  of  the  shaft  was  cut 
a  few  feet  from  the  shaft  in  a  crosscut  to  the  southeast  on  the  85-foot 
level  and  in  the  shaft  near  the  bottom.  This  "vein"  is  said  to  contain 
fine-grained  ore  at  the  surface  but  coarser  ore  underground.  The 
outcrop  of  the  other  vein  was  not  found,  but  the  ore  was  cut  in  the 
crosscut  on  the  85-foot  level.  It  is  said  to  have  been  coarse-grained 
and  rich  ore.  Another  cassiterite-bearing  pegmatite  body  was 
opened  by  a  25-foot  shaft  about  60  yards  west  of  the  main  shaft. 

A  large  spodumene  pegmatite  mass  about  15  feet  wide  crops  out 
between  shafts  No.  4  and  No.  5.  Debris  of  cassiterite-bearing  peg- 
matite or  greisen  was  found  near  this  mass,  and  a  little  cassiterite 
was  observed  in  the  spodumene-bearing  part. 

The  country  rock  at  these  workings  consists  of  interlaminated 
hornblende  schist  and  bluish  mica  schist  having  a  northeast  strike 
and  high  to  nearly  vertical  northwest  dip.  The  "veins"  seem  to  be 
at  least  approximately  conformable  with  the  inclosing  schist. 

Placer  deposits  have  been  worked  in  the  bottom  land  along  the 
valley  southwest  and  south  of  the  mine.  The  ground  favorable  for 
this  work  is  from  50  to  100  yards  wide  at  the  lower  end  and  tapers 
northwestward  to  shoals  where  the  tin  lead  crosses  the  stream.  It 
has  a  length  of  over  200  yards.  Water  is  available,  and  parts  of 
the  placer  ground  are  reported  to  have  been  tested  with  encouraging 
results.  At  one  time  some  of  the  alluvial  material  was  hauled  up  an 
incline  track  to  a  concentrating  mill  on  the  hillside,  but  although 
several  thousand  pounds  of  concentrates  were  washed  out  the  work 
was  not  profitable  with  such  equipment. 

On  the  hill  on  the  southwest  side  of  this  same  valley  a  25-foot  shaft 
was  sunk  and  a  10-foot  crosscut  run.  A  body  of  spodumene  pegma- 
tite, 5  feet  wide,  was  found  inclosed  in  hornblende  and  chlorite  schist. 
A  little  cassiterite  is  reported  to  have  been  taken  out.  In  two  pros- 
pects within  half  a  mile  southwest  similar  spodumene-bearing  peg- 
matite masses  were  opened.  They  are  in  hornblende  and  chlorite 
schist    Cassiterite  is  reported  to  have  been  found  in  both.    A  mass 
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of  tourmaline-quartz  rock  occurs  about  10  feet  southeast  of  one  of 
these  pegmatite  masses. 

BOBS  PB08PE0T. 

At  the  old  prospect  two-thirds  of  a  mile  southeast  of  Crocker, 
opened  by  Capt.  S.  S.  Ross  in  1903,  a  pit  was  sunk  on  the  southeast 
side  of  a  body  of  pegmatite  about  20  feet  wide.  This  pegmatite  is 
said  to  contain  considerable  cassiterite  in  a  streak  several  iuches  thick 
along  the  southeast  wall  but  only  a  few  scattered  grains  within  the 
mass.  Bluish  mica  schist  forms  the  wall  rock,  but  45  feet  to  the 
southeast  there  is  a  belt  of  hornblende  schist.  A  vein  of  tourmaline 
quarts  is  inclosed  in  the  hornblende  schist  about  50  yards  southeast 
of  the  pegmatite. 

LINCOLNTON   QUADRANOLEi 
PB0BPECT8  ALONG  CHESTKUT  BISGE. 

The  Mauney  Park  prospect  is  on  the  south  side  of  a  small  valley 
cutting  eastward  across  Chestnut  Ridge,  about  1  mile  north  of  the 
north  edge  of  the  town  of  Kings  Mountain.  The  deposit  is  near  some 
springs  which  have  been  walled  up  and  around  which  the  grounds 
have  been  cleared  as  a  park.  It  was  discovered  by  the  presence 
of  a  number  of  boulders  of  greisen,  rich  in  cassiterite  and  weighing 
from  30  to  150  pounds  each,  loose  in  the  surface  soil.  A  small  amount 
of  prospecting  was  done  during  the  "  tin  excitement "  of  1904.  This 
work  consisted  in  clearing  out  undergrowth  and  digging  pits  and 
a  crosscut  trench.  The  pits  are  on  the  north  side  of  a  small  ridge 
pitching  east  and  the  trench  is  on  the  south  side  of  the  ridge,  6^ 
yards  due  south  of  the  pits. 

The  country  rock  consists  of  kyanite-mica  schist  and  gneiss  with 
a  narrow  belt  of  hornblende  schist  close  to  the  tin-bearing  pegma- 
tite. The  schists  strike  north  and  have  a  vertical  dip,  and  the  peg- 
matite is  approximately  conformable  with  them.  The  pegmatite  ex- 
posed in  one  of  the  pits  is  nearly  8  feet  wide.  Of  this  width  2  feet 
along  the  west  wall  consists  of  cassiterite-bearing  greisen.  The  re- 
maining G  feet  of  pegmatite  is  highly  feldspathic  and  carries  but 
little  cassiterite.  This  portion  of  the  dike  is  soft  and  crumbling 
owing  to  the  kaolinization  of  the  feldspar.  The  feldspar-free  greisen 
portion  is  fresh  and  hard  and  shows  a  few  iron  oxide  and  clay  stains. 
Part  of  the  greisen  is  rather  fine-gi'ained,  and  part  is  coarse  contain- 
ing muscovite  crystals  an  inch  across.  In  places  at  least  10  per  cent 
of  the  greisen  is  cassiterite,  some  of  which  occurs  in  crystals  an  inch 
long  and  half  an  inch  thick. 

Pegmatite  was  cut  in  the  trench  on  the  south  side  of  the  ridge,  ap- 
parently in  direct  line  with  the  cassiterite-bearing  pegmatite  on  the 
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north  side.  No  cassiterite  was  observed  at  this  place,  however.  From 
20  to  30  yards  east  of  this  an  outcrop  of  spodumene-bearing  pegma- 
tite extends  in  a  west  of  north  direction  across  the  ridge.  No  cassi- 
terite was  seen  in  the  prospects  opened  on  tlris  spodumene  pegmatite. 

Cassiterite-bearing  greisen  is  foimd  in  a  cultivated  field  a  quarter 
of  a  mile  due  north  of  the  Mauney  Park  prospect,  on  the  west  side 
of  Chestnut  Bidge.  Boulders  of  this  rock  have  been  plowed  up,  but 
no  prospect  work  has  been  done. 

The  Horton  shaft,  122  feet  deep,  was  sunk  in  1893  on  the  east  side 
of  Chestnut  Bidge  half  a  mile  northeast  of  the  Mauney  Park  pros- 
pect by  residents  of  Kings  Mountain.  Crosscutting  was  started,  and 
cassiterite-bearing  pegmatite  is  reported  to  have  been  found.  This 
prospect  is  not  in  line  with  the  Mauney  Park  lead  but  is  in  line  with 
other  prospects  on  the  east  side  of  Chestnut  Bidge  and  east  of  Long 
Creek  Church.  At  one  of  these,  on  the  land  of  J.  J.  Ormond,  a 
quarter  of  a  mile  east  of  the  north  end  of  Chestnut  Bidge,  cassiterite- 
bearing  greisen  was  found  in  surface  boulders  and  in  a  prospect 
shaft.  A  little  cassiterite  has  been  found  between  the  Horton  shaft 
and  the  Ormond  prospect  along  the  east  side  of  Chestnut  Bidge. 

OBXOirD-OAlUt  PROSPECT. 

The  Ormond-Carr  prospect  is  a  quarter  of  a  mile  east  of  Long 
Creek  Church.  A  shallow  shaft  and  a  few  pits  were  made  in  a 
north-south  direction  along  an  outcrop  of  pegmatite.  The  country 
rock  is  hornblende  schist  of  the  Boan  gneiss.  A  narrow  belt  of 
staurolite  schist  crops  outs  a  few  yards  east  of  the  deposit.  The 
formations  strike  about  north  and  have  a  high  westerly  dip,  and  the 
pegmatite  is  approximately  conformable  with  them.  The  pegmatito 
exposed  is  from  5  to  8  feet  wide  and  carries  cassiterite  in  places. 

HOVIS  PBOSPECT. 

The  M.  V.  Hovis  prospect  is  If  miles  N.  12°  E.  of  Long  Creek 
Church.  Cassiterite  is  found  in  loose  crystals  and  in  small  boulders 
of  greisen  scattered  over  a  field  and  along  the  public  road.  A  35- 
foot  prospect  shaft  was  sunk  a  few  yards  west  of  the  road,  and  de- 
composed pegmatite  was  encountered  in  it,  but  no  cassiterite  was  seen 
at  the  time  of  examination.  The  country  rock  is  evidently  chiefly 
hornblendic  schist  weathered  to  a  dark-brown  soil. 

BAXSEUB  KILL  PBOSPECT. 

The  Bamseur  Mill  prospect  is  about  a  third  of  a  mile  east  of  north 
of  the  Hovis  prospect,  or  nearly  2  miles  east  of  north  of  Long  Creek 
Church.  A  shaft  and  a  trench  were  made  here  during  the  first  tin 
excitement,  and  some  very  promising  cassiterite-bearing  greisen  was 
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thrown  out.  The  country  rock  is  hornblende  schist  with  varied  strike 
and  dip.  The  attitude  of  the  pegmatite  is  not  plainly  evident,  but  the 
trench  made  along  the  northeast  contact  showed  this  to  have  a  N.  30° 
W.  strilce.  The  pegmatite  body  is  large,  at  least  15  feet  wide,  and 
crops  out  through  a  distance  of  about  75  feet.  The  cassiterite  was 
foimd  in  a  greisen  streak  1  to  2  feet  thick  along  the  northeast  wall. 

J0NE8  XZVE. 

The  Jones  mine  is  about  3^  miles  N.  30°  W.  of  Bessemer  City.  It 
was  first  prospected  in  about  1892  or  1893,  but  the  principal  work 
was  done  between  1903  and  1904.  The  following  description  is 
partly  taken  from  a  report  by  Graton,*  supplemented  by  notes  of 
D.  B.  Sterrett,  The  early  workings  consisted  of  a  shallow  shaft  and 
some  pits  on  a  pegmatite  vein  striking  north  of  west  with  a  nearly 
vertical  dip.  At  one  place  this  vein  was  2J  feet  wide  and  very  rich 
in  cassiterite.  About  70  feet  west  it  contained  only  a  small  quantity 
of  cassiterite,  and  70  feet  still  farther  west  cassiterite  was  absent. 

Later  work  was  rather  extensive.  Shafts  and  trenches  were  made 
along  the  vein  first  opened  through  a  distance  of  about  200  feet.  A 
shaft  175  feet  deep  was  sunk  about  150  feet  N.  70°  W.  from  the 
west  end  of  the  workings  along  this  vein,  and  still  another  shaft  150 
yards  west  of  this.  A  second  pegmatite  vein  100  yards  south  of  the 
first  one  was  opened  by  prospect  pits  through  a  distance  of  about  100 
yards  in  a  northwesterly  direction.  In  all,  about  500  feet  of  under- 
ground work  is  reported  to  have  been  done.  A  small  amount  of 
placer  mining  was  carried  on  in  the  branch  east  of  the  deposit.  A 
mill  was  erected  at  the  mine,  and  a  carload  of  concentrates  is  re- 
ported to  have  been  shipped. 

The  deposits  occur  near  the  contact  of  interlaminated  hornblende 
schist  of  the  Koan  gneiss  and  mica  gneiss  of  the  Carolina  gneiss. 
The  strike  of  these  formations  ranges  from  east  of  north  on  the  east 
side  of  the  deposit  to  nearly  west  near  the  middle  of  the  workings 
and  northwest  near  the  west  workings.  The  dip  ranges  from  50°  N. 
to  nearly  vertical.  The  first  vein  opened  cuts  across  the  bedding 
of  the  coimtry  rock,  having  a  north  of  west  strike  and  a  nearly  verti- 
cal dip.  Along  the  contact  of  this  pegmatite  the  mica  gneiss  con- 
tains a  quantity  of  small  black  tourmaline  crystals  and  needles. 
Pegmatite  also  occurs  in  small  offshoots  from  the  larger  bodies  and 
in  lenses  and  stringers  near  them. 

The  pegmatite  mass  is  variable  in  character.  In  some  places  it  has 
about  a  normal  mineral  composition.  In  others  the  feldspar  is  sub- 
ordinate, or  almost  absent,  and  cassiterite  may  or  may  not  be  present. 

^  OrotoD.  L.  C,  Reconnaissance  of  some  f^old  and  tin  deposits  of  the  southern  Appa- 
lachians:  U.  S.  Geol.  Surrey  Bull.  293.  pp.  40-48,  1900. 
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Some  of  the  pegmatite  from  the  175- foot  shaft  contains  spodumene. 
WTiere  cassiterite  is  plentiful  the  pegmatite  does  not  carry  so  much 
feldspar,  and  in  places  where  there  is  more  than  10  per  cent  of 
cassiterite  feldspar  is  practically  absent. 

ISome  of  the  richest  ore  was  found  in  the  vein  first  opened.  A 
small  sample  of  ore  from  the  earlier  workings  yielded  cassiterite 
equal  to  about  5  per  cent  metallic  tin  when  crushed  and  panned. 
Uraton  states  that  the  average  of  all  the  pegmatite  broken  in  the 
mine  is  said  to  have  been  abodt  0.7  per  cent  of  metallic  tin. 

BTSOTTP  AND  HATFIELD  PB0BPE0T8. 

Prospects  were  opened  in  1904  along  the  boundary  line  between 
the  places  of  Nora  Rayfield  and  John  Stroup,  2J  miles  S.  60°  W. 
of  Landers  Chapel,  but  these  pits  are  now  filled  up.  The  country 
rock  is  hornblende  schist,  and  a  belt  of  kyanite  gneiss  lies  a  few 
yards  west  of  the  tin  deposits.  Cassiterite-bearing  pegmatite  was 
found  in  the  prospects,  but  only  a  few  pieces  of  this  ore,  of  medium 
grade,  were  left  on  the  surface  at  the  time  of  examination. 

HASTINGS  PB08PE0T. 

The  H.  P.  Hastings  prospect  is  about  half  a  mile  northeast  of  the 
iStroup  and  Rayfield  prospects,  or  2  miles  S.  65  ^^  W.  of  Landers 
Chapel.  It  was  opened  by  a  14-foot  shaft  and  a  crosscut  trench. 
Cassiterite-bearing  pegmatite  was  found  on  the  stg:*face  for  a  dis- 
tance of  about  100  feet  in  a  northeasterly  direction.  The  country 
rock  consists  of  interbedded  hornblende  schist  and  kvanitic  mica 
gneiss,  which  strike  northeast  and  have  a  high  northwest  dip.  The 
pegmatite  is  approximately  conformable  with  the  bedding  of  the 
inclosing  rock.  The  ore  is  medium  grained  and  carries  a  large  per- 
centage of  quartz,  a  little  feldspar,  mica,  and  fine  cassiterite. 

BALDWIN  AND  ALLEN  PB08PECT8. 

The  prospects  of  J.  Baldwin  and  J.  R.  Allen  are  a  third  of  a  mile 
northwest  of  the  Hastings  prospect,  or  2  Yniles  S.  73°  W.  of  Landers 
Chapel.  They  are  on  opposite  sides  of  the  public  road,  the  Baldwin 
prospect  about  80  yards  southwest  of  the  road  and  the  Allen  pros- 
pect about  150  yards  N.  55°  E.  from  the  Baldwin  prospect.  A  45-foot 
shaft  was  sunk  at  the  Baldwin  prospect,  and  a  few  blasts  were 
made  in  the  outcrop.  Two  pits,  now  partly  filled  up,  were  made  at 
the  Allen  prospect. 

The  country  rock  is  diorite  and  hornblende  schist  of  the  Roan 
pneiss.  The  schist  strikes  northeast  and  has  a  high  northwest  dip. 
The  prospects  are  in  lenticular-shaped  outcrops  of  spodumene-bear- 
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ing  pegmatite  which  forms  a  small  oval  knoll.  These  pegmatite 
outcrops  are  10  to  20  feet  wide  and  50  feet  or  more  long.  Some 
of  them  are  in  line  with  one  another,  and  others  overlap  at  the  ends. 
In  texture  the  pegmatite  is  about  medium-grained,  the  feldspar 
crystals  ranging  from  less  than  1  inch  to  4  inches  in  thickness  and 
the  spodumene  crystals  being  1  or  2  inches  long.  The  spodumene 
is  mostly  opaque  and  gray,  but  a  few  crystals  with  transparent  yel- 
lowish-green portions  were  observed.  The  mica  of  the  pegmatite 
is  yellowish  green  and  occurs  chiefly  m  small  crystals  half  an  incli 
or  less  in  diameter.  The  cassiterite  is  present  in  rather  small  grains 
and  crystals  scattered  through  parts  of  the  pegmatite.  Pieces  of 
medium-grade  ore,  10  to  12  inches  across,  were  left  on  the  dumps. 
Cassiterite  was  not  found  in  all  the  outcrops  of  spodumene  pegma- 
tite. 

Four,  ledges  of  decomposed  spodumene  pegmatite  are  exposed  in 
a  space  of  100  feet  along  the  road  and  about  100  yards  east  of  the 
tin-bearing  lead,  but  no  cassiterite  was  seen  in  them. 


LOUISUNA  CLATS. 


By  Geoboe  Charlton  Matson. 


INTRODUCTION. 

The  facts  that  Louisiana  possesses  a  large  amount  of  good  timber 
and  is  primarily  an  agricultural  State  have  made  it  imnecessaiy  to 
develop  her  clay  resources  for  the  purpose  of  obtaining  structural 
materials,  except  in  the  vicinity  of  some  of  the  larger  cities.  Never^ 
theless  Louisiana  has  held  high  rank  in  the  output  of  clay  products 
among  the  States  bordering  on  the  Gulf  of  Mexico,  though  in  1915  she 
ranked  thirty-third  among  all  the  States  in  the  Union,  producing  a 
lilde  less  than  0.25  per  cent  of  the  total  value  of  the  clay  products  of 
the  country.  The  increase  in  the  value  of  timber,  together  with  the 
rapid  growth  of  cities,  will  naturally  lead  to  the  production  and  con- 
sumption of  larger  quantities  of  building  brick,  terra  cotta,  tile,  and 
other  building  materials,  and  it  is  therefore  important  to  consider  the 
possibilities  of  obtaining  suitable  clays  for  the  manufacture  of  these 
materials.  For  this  purpose  samples  of  Louisiana  clays  were  col- 
lected by  the  writer  in  1912  and  submitted  to  the  Bureau  of  Standards 
for  examination. 

No  attentipt  was  made  to  collect  samples  from  all  the  localities 
where  clays  occur,  as  this  would  require  a  large  amoimt  of  time  and 
be  very  expensive.  Samples  were  obtained  from  the  principal  geo- 
logic formations  of  the  State,  and  the  distribution  of  these  forma- 
tions, together  with  the  localities  from  which  samples  were  taken, 
is  shown  on  the  accompanying  map  (PI.  V).  However,  most  of  these 
formations  contain  beds  of  sand  or  sandstone  and  will  nbt  furnish 
clays  except  in  relatively  small  areas,  distributed  throughout  the 
r^ons  where  the  formations  crop  out.  No  attempt  will  be  made  to 
describe  all  the  localities  where  clays  suitable  for  the  manufacture  of 
clay  products  have  been  observed  in  Louisiana.  Such  localities  are 
numerous  throughout  the  areas  of  outcrop,  but  the  descriptions  will 
he  confined  to  those  localities  where  the  samples  were  obtained. 
The  sequence  of  the  geologic  formations  is  shown  in  the  accom- 
panying table,  the  yoimgest  formation  at  the  top  and  the  succes- 
sively older  formations  below.    The  oldest  beds  included  in  this 
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table,  belonging  to  the  Cretaceous  system,  occur  at  the  surface  fil 
very  few  places  within  the  State.  They  are  therefore  of  no  impor- 
tance as  sources  of  clay. 

Geologic  formations  that  crop  out  in  Louisiana, 


System. 

Serlm. 

Oroup  and  formation. 

Sample  Nos. 

Recent. 

2,7,10,11,12,14,15,26. 

Quateniary. 

Pleistooene. 
PUocene. 

1, 8, 9, 13, 16, 17, 18, 19, 24,  25. 

Cltronelle  form&tlan. 

3. 

Miocene. 

Pascagoiila  clay. 

• 

OUgocene. 

Hattlesburg  clay. 

Catahoula  sandstone. 

22.a 

Vick.sbiirg  limestone. 

Tertiary. 

Eooene. 

Favetto  sandstone. 

Jackson  formation. 

■ 

Claiborne 
group. 

Yegua  formation. 

St.  Maoriffe  formation. 

5,6,20. 

Wilcox  formation. 

4,21,23. 

Midway  formation. 

Cietaoeoas. 

a  See  also  description  of  clay  obtained  1  mile  west  of  Lenaupp.  151-152.    Ries,  Helnrich,  A  report  on 
Louisiana  clay  samples:  Louteiana  Exper.  Sta.,  pt  6,  pp.  272-273, 1899. 

GEOIiOGIC  DISTRIBUTION  OF  THE  SAMPIiES. 

EOCENE  SEBIES. 


MIDWAY  FORMATION. 


The  Midway  formation  is  exposed  at  only  a  few  places  in  Louisiana, 
and  the  areas  of  outcrop  are  so  small  that  the  formation  can  not  be 
an  important  source  of  clays  for  commercial  use. 


WILCOX   FORMATION. 


GENERAL  FEATUEBB. 


The  Wilcox  formation  is  at  the  surface  over  a  lai^e  area  in  north- 
western Louisiana,  extending  from  the  northern  boimdary  of  the 
State  southward  nearly  to  Many.  This  formation  contains  numerous 
clay  beds  that  are  distributed  throughout  the  greater  portion  of  the 
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area  in  which  it  crops  out.  Associated  with  these  clay  beds  are  beds 
of  sand  and  sandstone,  and  many  of  the  clays  are  so  sandy  that  it 
would  be  necessaiy  to  test  those  found  at  any  particular  locality  in 
order  to  determine  their  value.  A  sample  (No.  21 )  was  collected  near 
Mooringsport,  in  Caddo  Parish,  and  two  samples  (Nos.  4  and  23)  were 
collected  near  Mansfield,  in  De  Soto  Parish.  The  results  of  tests  of 
these  sample  are  given  in  the  accompanying  table.  The  sample 
from  Mooringsport  was  one  of  the  best  clays  collected  in  the  State. 
This  formation  supplies  some  pottery  clay  in  Mississippi,^  but  none 
of  the  samples  obtained  from  Louisiana  would  be  valuable  for  that 
purpose.  It  is  possible,  however,  that  clay  suitable  for  the  manu- 
facture of  pottery  might  be  foimd  at  some  localities  where  the  Wilcox 
formation  is  exposed.  . 

CLAT  I.OCALITISB. 

Mansfield, — At  Mansfield  two  samples  were  coDected,  one  from  the 
brickyard  of  B.  Y.  Wemple  (No.  4  in  table  facing  p.  156),  and  the 
other  from  exposures  at  the  old  nursery  about  2  miles  north  of  the 
town  (No.  23). 

Section  in  the  day  pit  at  Wemple* 8  brickyard,  Mansfield. 

Ft.    In. 

Yellow  granular  surface  clay 4       0 

Ked  clay  mottled  gray 4       0 

Fine-grained  ferruginous  sandstone 4 

Similar  clays  with  thin  partings  of  sand  and  sandstone  have  a 
thickness  of  about  25  feet  near  this  locality.  The  sample  was  a  com- 
posite of  the  yellow  and  mottled  clays. 

Section  at  the  old  nursery  t  miles  north  of  Mansfield^  on  the  east  side  of  the  Kansas  City 

Southern  Railway. 

Ft.    In. 

Red  sand 4-^ 

Micaceous  clay  containing  some  fine  sand., 15     0 

The  sample  obtaiaed  here  was  taken  in  such  a  manner  as  to  furnish 
a  composite  of  the  material  underlying  the  siu:f  ace  sand. 

Mooringsport. — On  the  old  Richardson  farm,  2  miles  south  of 
Mooringsport,  on  the  west  side  of  the  Kansas  City  Southern  Railway, 
two  samples  were  collected — one,  weighing  about  50  pounds,  from 
the  upper  bed  of  blue  clay  and  one,  weighing  about  25  pounds,  from 
the  lower  clay  bed.  These  two  samples  were  mixed,  and  the  resulting 
composite  sample  (No.  21)  was  tested  in  the  laboratory. 

Section  in  clay  pit  on  the  old  Richardson /army  Mooringspqrt. 

Feet 

Red  granular  clay  containing  some  fine  sand 2 

Light-gray  to  blue  micaceous  clay  with  tliin  laminae  of  sand 6 

Unexposed .      4 

Blue  micaceous  clay  with  thin  laminae  of  sand .     . .      3 

1  Lopn,  W.  N.,  The  pottery  clays  of  Mississippi:  Mississippi  GeoL  Survey  Bull.  6,  pp.  131-210, 1914. 
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CLAIBORNE   GROUP. 


The  Yegua  and  Sti  Maurice  fonnations  of  the  Claiborne  group 
occupy  a  wide  area  in  north-central  Louisiana,  as  shown  on  the 
accompanying  map.  Samples  were  collected  from  the  St.  Maurice 
formation  at  Natchitoches,  Natchitoches  Parish,  and  at  Winnfield, 
Winn  Parish.  The  sample  procured  at  Ruston,  in  Lincoln  Parish, 
probably  came  from  the  Yegua  formation.  The  sample  from  Huston 
(No.  5)  was  one  of  the  few  samples  obtained  in  Louisiana  that  could 
be  vitrified  below  a  temperature  of  1,230°  C.  The  sample  from 
Winnfield  (No.  20)  is  of  particular  interest  because,  unlike  most  of 
the  Louisiana  clays,  it  burned  to  a  buff  color  instead  of  red.  Clays 
similar  to  those  represented  by  these  samples  may  be  obtained  at 
many  localities  where  the  Claiborne  formations  are  exposed. 

CLAT  LOCALITIES. 

Natchitoches. — ^At  the  brickyard  of  Hughes  &  Aaron,  NatchitoclieSy 
the  silt  and  clay  shown  in  the  subjoined  section  are  mixed  together 
in  brickmaking,  and  a  composite  sample  (No.  6)  of  the  two  was  taken. 

Section  at  the  bfidyard  of  Hughes  de  Aaron ,  NatthUpdiea, 

Ft.     In, 

Gray  silt 1        2 

Gray  massive  clay 5       0 

Ruston, — A  sample  (No.  5)  was  obtained  near  Ruston  from  the 
brown  shale  of  the  following  section: 

Section  at  Randolph^  a  brickyard^  half  a  mile  west  of  Ruston. 

Feet. 

Yellow  clay  containing  a  few  nodules  of  limonite 3 

Brown  shale 6-15 

Coarse  sand 2+ 

Winnfield. — ^The  sample  collected  near  Winnfield  (No.  20)  was  a 
composite  of  the  light  and  dark  shale. 

Section  at  GuTin^s  brickyard^  half  a  mile  west  of  Winnfield, 

Ft  in. 

Gray  sand 4  0 

Red  clay,  slightly  sandy 3  6 

Light-gray  shale,  containing  some  yellow  laminae 5  0 

Dark-gray  shale  with  some  thin  sand  partings 44- 

JACK80N   FORMATION   AND   FAYETTE   SANDSTONE. 

The  Jackson  formation  and  Fayette  sandstone  occupy  a  narrow 
belt  extending  from  a  point  near  Hombeck  eastward  to  Catahoula 
Parish.  No  samples  were  taken  from  this  belt  by  the  writer  because 
the  areas  covered  by  these  formations  are  small.  Both  of  the  for- 
mations will  furnish  some  clays  suitable  for  the  manufacture  of  ordinary 
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day  products,  such  as  building  brick,  but  the  outcrop  is  narrow  and 
at  some  distance  from  the  larger  cities,  and  it  is  probable  that  clays 
equally  good  or  better  could  be  obtained  from  other  formations 
nearer  the  places  where  the  products  would  be  utilized. 

A  sample  of  shale  from  the  Fayette  sandstone  in  sec.  17,  T.  3  N.,  R. 
11  W.,  was  examined  by  Ries,*  in  his  laboratory  at  Cornell  University. 
His  tests  included  a  mechanical  analysis  with  the  following  results: 

Percent, 
aay  and  fine  ailt 42.10 

Very  fine  sand •. 57.26 

99.35 

The  amount  of  water  required  to  temper  tlie  sample  was  31  per 
cent,  and  the  shrinkage  on  air  drying  was  11  per  cent.  The  tensile 
strength  of  the  air-dried  briquet  was  good,  amounting  to  75  pounds 
per  square  inch.  At  cone  3  (about  equivalent  to  a  temperature  of 
1,208^  C.)  the  clay  had  burned  to  a  light  red,  with  a  total  shrinkage 
of  12  per  cent;  and  at  cone  6  (about  equivalent  to  a  temperature  of 
1,269^  C.)  the  color  was  brownish  red  and  the  total  shrinkage  was  14 
per  cent.  Ries  regards  this  clay  as  suitable  for  the  manufacture  of 
face  brick  when  burned  to  a  temperature  of  cone  6. 

OLIGOCENE  AND  MIOCENE  SEBIBS. 

The  Oligocene  series  includes  the  Vicksburg  limestone,  a  marly 
formation  occupying  only  a  small  area  in  Louisiana;  the  Catahoula 
sandstone,  a  formation  that  is  predominantly  sandy  with  some  clay 
beds;  and  the  Hattiesburg  clay.  The  Miocene  series  contains  a 
single  formation,  the  Pascagoula  clay.  Clay  beds  are  much  more 
numerous  in  the  Hattiesburg  and  Pascagoula  clays  than  in  the 
Catahoula  sandstone  and  they  are  all  of  the  same  general  type  as 
that  represented  by  sample  22,  coDectcd  at  Leesville,  with  tiie  ex- 
ception of  local  beds  of  calcareous  clay.  The  Leesville  sample  was 
too  plastic  and  shrank  too  much  (see  table  facing  p.  156)  while  being 
dried  to  be  useful,  but  it  could  probably  be  utiHzed  for  the  manufac- 
ture of  ordinary  clay  products  provided  it  was  mixed  with  some  sand. 

Ries '  tested  a  sample  of  clay  obtained  1 '  mile  west  of  Lena, 
probably  from  the  Catahoula  or  the  Fayette  sandstone.  It  is 
described  as  a  coarse-grained  sandy  clay  that  slaked  very  rapidly, 
required  21  per  cent  of  water  to  temper,  and  had  an  air  shrinkage 
of  10  per  cent  when  dried.  Its  mechanical  composition  was  as 
follows: 

Per  cent. 

Clay  and  fine  silt 73. 5 

Very  fine  sand 26. 3 

99.8 


^  Ries.  Helnrich,  A  report  on  Louisiana  clay  samples:  Louisiana  Exper.  Sta.,  pt.  5,  pp.  274-275, 1899. 
*  Idem,  pp.  37^373. 
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The  dry  briquets  had  a  tensile  strength  of  45  pounds  to  the  square 
inch,  which  Ries  thought  would  be  sufficient  for  a  brick  clay,  though, 
a  higher  tensile  strength  was  regarded  as  desirable.  At  cone  3 
(about  equivalent  to  a  temperature  of  1,208°  C.)  the  clay  showed  signs 
of  incipient  fusion  and  was  bright  red.  At  cone  5  (about  equivalent 
to  1,248°  C.)  the  color  had  changed  to  a  deep  red  and  the  product 
had  begun  to  sinter,  though  even  a\j  this  temperature  the  brick  was 
not  vitrified.  It  is  probable  that  this  sample  more  nearly  represents 
the  character  of  material  that  may  be  obtained  from  the  Oligoccne 
and  Miocene  formations  than  the  sample  coUected  near  LeesviUe. 

PLIOCENB   SEBIES. 
CITRONELLE   FORMATION. 

The  Citronelle  formation  occupies  a  broad  area  south  of  the  out- 
crop of  Pascagoula  clay,  and  although  it  is  predominantly  sandy  it 
contains  a  large  number  of  thin  beds  and  lenses  of  clay.  The  char- 
acter of  the  clay  beds  foimd  in  this  formation  is  shown  by  sample  3, 
which  is  suitable  for  the  manufacture  of  common  building  brick. 

PLEISTOCENE  AND  RECENT  SEBIES. 


The  Pleistocene  and  Recent  deposits  cover  wide  areas  in  southern 
Louisiana  and  occupy  the  lowlands  adjacent  to  the  streams.  The 
Recent  deposits  are  especially  abundant  in  the  broad  valley  of  the 
Mississippi  and  its  principal  tributaries.  The  largest  plants  in 
Louisiana  for  the  production  of  clay  products  are  in  the  areas  of 
the  Pleistocene  and  Recent  deposits,  and  for  that  reason  a  large 
nmnber  of  samples  was  collected  from  these  deposits.  Samples  2, 
7,  10,  11,  12,  14,  15,  and  26  are  from  Recent  deposits,  and  samples 
1,  8,  9,  13,  16,  17,  18,  19,  24,  and  26  from  Pleistocene  deposits.  The 
principal  localities  where  Pleistocene  samples  were  collected  are 
Baton  Rouge,  Lafayette,  Lafayette  Parish;  Slidell,  St.  Tammany 
Parish;  Opelousas,  St.  Landry  Parish;  and  Lake  Charles,  Calcasieu 
Parish.  The  samples  from  the  Recent  deposits  were  collected  from 
terraces  in  the  river  valleys  at  Alexandria,  Shreveport,  and  Delhi 
The  samples  from  Baton  Rouge  and  Delhi  represent  clays  that  may 
be  vitrified  below  1,230°  C,  and  the  sample  from  Lafayette  was  one 
of  the  best  clays  collected  in  the  State.  The  samples  from  Slidell 
and  Baton  Rouge  were  tested  with  particular  care,  because  it  was 
thought  that  if  the  clays  were  found  to  be  suitable  for  the  manufac- 
ture of  fireproofing  and  similar  materials  they  might  be  utilized  in 
the  manufacture  of  these  materials  for  the  Now  Orleans  market.  A 
number  of  samples  were  taken  from  the  Salmen  Brick  &  Lumber 
Co.'s  pits  at  Slidell,  representing  beds  of  different  character,  and  it 
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was  found  that  although  some  of  them  were  too  sandy  for  the  manu- 
facture of  hollow  blocks  and  tile^  others  would  be  suitable  for  those 
purposes.  In  order  to  utilize  the  better  grade  materials  it  would  be 
aecessary  to  separate  the  sandy  materials  from  the  more  plastic 
clays.  The  samples  from  Baton  Rouge  were  not  suitable  for  the 
manufacture  of  fireproofing  materials,  but  if  the  surface  material 
represented  by  sample  7  were  mixed  with  the  more  plastic  days 
represented  by  the  other  samples  in  proper  proportions  the  mixture 
could  be  used  for  such  products. 

CLAT  LOOALITISB. 

Lafayette. — ^The  sample  obtained  at  Lafayette  (No.  1)  was  from 
the  basal  clay  bed  of  the  accompanying  section,  which  differs  from 
the  upper  bed  in  being  slightly  lighter  colored  and  containing  dark- 
colored  granules. 

Section  at  the  pit  of  the  Roy  Brick  Co.,  Lafayette, 

Feet. 

Dark  silt  loam 2-  3 

Yellow  clay 8-10     . 

Yellow  ''buckshot "  clay 10+ 

Lake  Charles. — ^The  sample  collected  at  the  Delatte  &  LaGrange 
brickyard,  Lake  Charles  (No.  16),  is  a  composite  of  all  the  clay  beds 

iu  the  pit. 

Section  at  the  brickyard  of  Delatte  ds  LaGrange^  Lake  Charles. 

Feet. 

Dark  sandy  loam *  1-2 

Light-gray  silty  clay  containing  small  nodules  of  iron  oxide 5 

Dark-red  clay  with  thin  layers  and  lenses  of  sand  and  locally  some 

shells.^ 6 

"Quicksand" 3 

Another  brickyard  at  the  south  edge  of  Lake  Charles  afforded  an 
opportimity  to  examine  a  somewhat  better  section  of  materials. 
Thin  laminae  of  sand  occur  in  the  clay  at  this  pit. 

Section  of  the  clay  pit  at  the  aouth  edge  of  Lake  Charles , 

Feet. 

Dark  sandy  loam 1-2 

Dark-gray  clay  containing  small  nodules  of  limonite 3 ' 

Dark-gray  clay,  mottled  yellow,  containing  shells  at  some  localities.      8 

SUdeU. — ^The  sections  at  Shdell  differ  so  much  that  no  satisfactory 
description  can  be  given.  The  samples  were  all  coDected  in  a  long 
pit  belonging  to  the  Salmen  Brick  &  Lumber  Co.  The  thickness  of 
the  clay  exposed  in  this  pit  ranges  from  6  to  8  feet  and  the  samples 
were  taken  at  intervals  along  the  east  waU  of  the  pit  beginning  at 
the  north  end. 

Sample  18  was  obtained  from  a  dark  clay  bed  3  feet  thick;  sample 
17  from  a  bed  of  mottled  blue  clay  3  feet  thick;  sample  25  from  a 
bed  of  blue  clay,  mottled  gray,  6  feet  thick;  sample  24  from  a  clay 

82153*»— 18— Bull.  660 11 
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similar  to  that  of  sample  25  but  slightly  more  sandy;  sample  8 
from  a  massive  gray  clay  about  6  feet  thick;  sample  9  from  a  bed 
of  blue  clay,  mottled  buS,  6  feet  thick;  sample  5  from  blue  clay 
dredged  from  a  canal  at  a  depth  of  7  feet.  Sample  9  is  one  of  the 
two  samples  obtained  in  Loi^isiana  that  bum  buff  instead  of  red. 
This  clay  pit  contains  a  very  large  variety  of  materials  which  can 
probably  be  utiUzed  in  many  different  ways  by  arranging  suitable 
mixtures  of  materials  from  different  beds. 

Delhi, — ^The  sample  obtained  at  Delhi  (No.  14)  was  a  composite  of 
the  two  beds  shown  in  the  section. 

Section  of  alluvium  at  Delhi. 

Feet. 

Red  clay 2 

Gray  clay 5 

Baton  Rouge. — Several  samples  were  obtained  in  the  Connell 
brickyard,  Baton  Rouge,  as  indicated  in  the  subjoined  section. 

Section  at  the  W.  P.  Connell  hrickyaTd^  Baton  Rouge. 

Feet. 

•    Fine  sandy  silt §-i 

Chocolate-colored  clay 4 

Fine  silty  sand 1-lJ 

Chocolate-colored  clay 6 

Sample  7  included  the  materials  to  this  depth,  with  the  excep- 
tion of  the  fine  sandy  silt  at  the  surface. 

Buff  clay 4fn5 

This  bed  was  represented  by  sample  10. 

Buff  clay  containing  concretions  of  calcium  carbonate 1}~2 

Sample  11  was  obtained  from  this  bed. 

Blue  clay  mottled  yellow 45 

Fine  brown  silty  sand 1 

Blue  clay 15 

Sample  12  included  all  the  beds  of  clay  below  sample  11. 

Fine  yellow  sand 2-f- 

Monroe, — ^The  sample  obtained  near  Monroe  (No.  15)  was  a 
composite  of  the  clay  beds  below  the  sandy  loam. 

Section  in  the  clay  pit  of  the  Monroe  Brick  Co.^  1  mile  east  of  Monroe. 

Feet. 

Yellow  sandy  loam 3-4 

Light^brown  clay 8 

Dark-blue  clay  with  some  shells 4 

Shreveport, — Tlie  clay  at  Shreveport  contains  fragments  of  partly 
decayed  wood  and  leaves.  The  sample  (No.  2)  was  typical  of  the 
deposit  below  the  sandy  loam.  A  similar  clay  was  collected  near 
Alexandria,  but  there  was  so  much  water  in  the  pit  that  the  materials 
could  not  be  examined. 

Section  in  the  clay  pit  near  Red  River,  Shreveport. 

Feet. 

Red  sandy  loam IJ 

Massive  red  clay,  with  a  few  thin  partings  of  fine  sand 15 
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TESTING  OP  THE  CliAY  SAMPLES. 

The  clay  samples  were  tested  in  the  laboratory  of  the  Bureau  of 
Staudards  at  Pittsburgh,  and  the  accompanying  table,  together 
with  the  following  description  of  the  methods  of  examination,  show 
the  character  and  results  of  the  tests. 

FBEPARATION  OF  THE  CLAY. 

Each  sample  of  clay  was  ground  dry  in  a  5-foot  Stevenson  pan.  If  the  clay  contained 
bard  lumps  or  pebbles  that  were  not  reduced  by  grinding,  it  was  screened  dry  through 
m  8-me8h  sieve.  After  the  clay  was  ground  to  the  desired  fineness  water  was  added 
uid  the  sample  tempered  in  the  pan  until  a  consistency  suitable  for  manufacture  by 
the  Bti£f  clay  process  was  obtained. 

The  plastic  clay  was  passed  through  a  small  Mueller  auger  machine »  having  a  cir- 
cular die  2}  inches  in  diameter.  By  means  of  a  miter  box  30  disks  1  inch  in  thick- 
DffiB  were  cut  from  the  column  of  clay  molded  by  the  circular  die.  The  samples  of 
clay  received  were  numbered  from  1  to  26  consecutively.  Five  of  the  wet  disks 
were  weighed,  carefully  dried,  and  again  weighed,  and  the  percentage  of  water 
tequiied  for  tempering  the  clay  was  determined  from  the  average  losses  in  weight 
of  the  five  test  pieces. 

The  volumes  of  three  cylindrical  pieces  of  each  clay  were  measured  in  a  volumi- 
nometer,  the  pieces  were  dried ,  and  the -volumes  were  again  determined .  The  average 
volume  shrinkage  in  terms  of  the  dry  volume  was  determined  from  the  decrease  in 
volume  due  to  drying  as  measured. 

DRYING  TREATMENT. 

The  test  pieces  of  each  clay  were  first  dried  in  air  at  room  temperature  and  then  in 
&  gas  drier  at  80^  C.  before  placing  in  the  test  kiln.  Clays  whose  machine-made  test 
pieces  cracked  during  the  drying  treatment  were  remolded.  The  clay  was  re- 
ground  and  tempered  with  water,  and  briquets  were  prepared  by  pressing  it  by  hand 
into  a  brass  mold  4  inches  in  length,  2  inches  in  width,  and  1  inch  in  depth.  The 
hand-made  test  pieces  were  dried  in  the  same  manner  as  the  pieces  molded  on  the 
tuger  machine. 

BURNING. 

The  burning  was  done  in  a  down-draft  test  kiln,  fired  with  natural  gas.  A  number 
of  the  test  pieces  of  each  clay  were  placed  in  the  kiln  in  such  a  manner  that  two  trials 
of  each  clay  could  be  drawn  at  different  temperatures.  The  first  trial  pieces  were 
drawn  at  950°  C,  and  other  pieces  at  20°  intervals  until  the  clay  reached  its  maturing 
point  or  temperature. 

The  temperatures  in  the  kilns  were  measured  by  platinum-rhodium  thermocouples, 
the  kiln  temperature  being  increased  at  the  rate  of  40°  C.  an  hour  after  950°  C.  was 
reached.  As  the  hot  trial  pieces  were  drawn  from  the  kiln  they  were  placed  in  an 
auxiliary  furnace,  heated  to  redness  for  the  purpose,  and  the  whole  allowed  to  cool 
down  slowly. 

poROsmr  OF  the  burned  test  pieces. 

The  porosities  of  the  burned  test  pieces  were  determined  in  the  usual  manner  by 
substituting  in  the  formula  ^_aXlQO  —  per  cent  of  porosity,  in  which  i)=dry 

wei^t  of  the  test  pieces,  TT^wet  weight  of  the  test  piece  (absorption  in  vacuo), 
^=Buspended  weight  of  the  saturated  piece. 


/ 
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By  plotting  a  porosity  temperature  curve,  a  very  clear  idea  of  the  vitrif 
behavior  of  the  clay  may  be  gained,  and  also  an  indication  as  to  the  class 
that  may  be  manufactured  from  the  clay. 

Information  as  to  the  color,  hardness,  tendency  to  effloresce,  etc.,  was 
from  the  burned  test  pieces  drawn  from  the  kiln. 

SUMMARY  OF  RESULTS. 

Perhaps  the  two  greatest  difficulties  encountered  in  the  working  of  the  claj 
the  lack  of  plasticity  and  bonding  power  of  some  of  the  clays  and  the  excessi^ 
ticity  and  tendency  to  crack  in  drying  of  others. 

All  of  the  samples  except  Nos.  17  and  20  developed  a  red  color  in  the  burning, 
clays,  samples  3,  4,  6,  9,  17, 18,  19,  24,  and  25  preserved  an  open  structure  wit 
decrease  in  porosity  when  fired  to  temperatures  as  high  as  1,250°  C.    These  cla^ 
sandy,  some  being  very  low  in  plasticity  and  others  developing  good  worl 
ticity.    It  is  not  commercially  practicable  to  manufacture  vitrified  ware  from] 
of  this  type,  owing  to  the  high  temperatures  which  they  require. 

Samples  7,  13,  and  14  are  sandy  in  character,  yet  may  be  vitrified  at  tempei 
below  1,230°  C,  differing  in  this  respect  from  the  remainder  of  the  sandy  clays. 

Samples  1  and  21  show  perhaps  the  best  working,  drying,  and  burning  beha^ 
all  the  clays  tested. 

The  buff-burning  clays,  Nos.  17  and  20,  have  good  working  and  drying  qi 
but  maintain  an  open  structure  at  relatively  high  temperatuies. 

Samples  2,  15,  and  16  are  of  inferior  quality.    In  addition  to  their  excessive 
ticity  and  tendency  to  crack  during  drying,  these  clays  are  easily  overbumed. 

None  of  the  clays  are  suitable  for  the  manufacture  of  vitrified  clay  products^ 
as  paving  brick  and  sewer  pipe.    Those  showing  excessive  plasticity  require  the 
tion  of  sand  to  make  them  workable.    On  the  other  hand  the  excessively  sandy 
rials  must  be  mixed  with  plastic  clay  to  render  them  fit  for  manufacturing  pi 
By  thus  improving  the  working  qualities,  when  necessary,  these  clays  can  be 
suitable  for  common  bricks,  drain  tile,  hollow  bricks,  and  the  simpler  shapes  of 
proofing. 

SECTIONS    OF    THE    CliAY  -  BEARING    FORMATIONS 

LOUISIANA. 

The  accompanying  diagrams  (figs.  14,  15)  show  the  general  chj 
acter  of  the  principal  clay-bearing  formations  of  Louisiana,  althoi 
these  formations  vary  in  character  from  place  to  place  and  the  sa] 
of  one  part  of  a  section  may  be  replaced  by  clays  at  another  localil 
or  vice  versa.     However,  at  any  locality  a  considerable  portion  of 
formations  will  be  clay. 
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Figure  14,  A,  shows  the  general  character  of  the  Pleistocene  de- 
podia,  the  Citronelle  formation,  and  the  Pascagoula  clay  in  Louisiana 
east  of  Mississippi  River. 
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FiGUBK  14.— Diagrams  of  wells  showing  the  general  character  of  day-bearing  formations  of  Louisiana. 
A, Well  of  6.  A.  Bass,  East  Baton  Rouge  Parish;  B,  Well  of  Oulf  Land  &  Lumber  Co.,  Fullerton, 
VerooQ  Pariah. 

Figure  14,  B,  shows  the  general  character  of  the  Citronelle  forma- 
tion, the  Pascagoula  clay,  and  the  Hattiesburg  clay  in  western 
Louisiana. 
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Figure  15  shows  the  general  character  of  the  Hattiesburg  clay  and 
the  Catahoula  and  Fayette  sandstones.  The  descriptions  of  mate- 
rials showit  m  ttiis  diagram  are  generalized.    Many  of  the  sandstones 
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contain  clay  beds  thick  enough  for  the  manufacture  of  clay  products, 
and  most  of  the  clay  beds  contain  some  louses  and  layers  of  sand, 
though  not  enough  to  interfere  with  the  exploitation  of  the  clays. 


ORE  DEPOSITS  OF  THE  NORTHWESTERN  PART  OF  THE 

GARNET  RANGE.  MONTANA. 


By  J.  T.  Paboee. 


LOCATION  AND  ROUTES   OF  ACCESS. 

The  area  described  in  this  report  is  in  Missoula,  Granite,  and 
Powell  counties,  Mont.,  about  30  miles  southeast  of  Missoula.  It 
extends  from  Clinton  eastward  beyond  Bearmouth  and  from  Clark 
Fork  northward  into  the  drainage  -basin  of  Blackf oot  River,  cover- 
ing in  all  about  400  square  miles.  Its  southern  part  is  traversed 
by  the  Northern  Pacific  and  the  Chicago,  Milwaukee  &  St.  Paul 
railways,  from  which  the  different  mining  camps  are  reached  by 
wagon  roads  from  3  to  10  miles  in  length.  The  most  convenient 
points  of  departure  from  the  railways  are  Bearmouth  for  Garnet, 
Coloma,  and  Top  o'  Deep;  Bonita  for  Copper  Cliff;  and  Clinton  for 
the  mines  of  the  Clinton  district.  Many  of  the  mining  camps  may 
be  reached  also  from  Potomac,  a  farming  and  logging  town  on  the 
road  from  Missoula  to  Ovando.  As  a  whole,  the  area  is  but  sparsely 
inhabited,  and  its  chief  industries  in  addition  to  mining  are  agri- 
culture and  lumbering.     (See  fig.  16.) 

FIELD   WORK  AND  ACKNOWLEDGMENTS. 

Felan  and  Tenmile  creeks,  a  part  of  the  Clinton  district,  and  a 
few  tracts  elsewhere  were  examined  by  E.  L.  Jones,  jr.,  in  1911,  and 
some  geologic  mapping  northwest  of  Bearmouth  was  done  by  T.  H. 
Rosenkranz  in  1913.  A  reconnaissance  of  the  remainder  of  the 
field,  chiefly  in  August  and  September,  1916,  was  made  by  the  writer, . 
who  received  from  the  mining  men  cheerful  and  unstinted  responses 
to  practically  all  requests  for  information.  Among  those  to  whom 
special  acknowledgment  is  due  are  Messrs.  J.  L.  Templeman  and 
H.  G.  Klenze,  of  Butte,  and  F.  A.  Davey  and  Ludwig  Mussigbrod, 
of  Garnet.  The  writer  is  also  indebted  to  W.  T.  Schaller,  of  the 
Geological  Survey,  for  the  determination  of  several  minerals,  and  to 
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F.  C.  Calkins,  also  of  the  Survey,  for  the  microscopic  examination  of 
some  of  the  rocks. 

Although  brief  descriptions  of  some  of  the  mines  have  appeared 
from  time  to  time  in  the  mining  journals,  no  reports  covering  all  of 
the  area  here  described  have  hitherto  been  published. 

SUMMARY. 

* 

Bear  Creek,  an  affluent  of  Clark  Fork  east  of  Missoula,  was  a 
large  and  early  contributor  to  the  placer  production  of  Montana. 
The  character  of  the  deposits  was  discovered  in  1865,  and  gold  to 
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FiGCBB  16. — Index  map  showing  location  of  northwestern  part  of  Garnet  Range  and 

Dunkleberg  mining  district,  Mont. 

the  value  of  $5,000,000  or  more  was  washed  out  within  a  few  years. 
Elk  Creek  also  yielded  abundantly,  and  the  total  placer  production 
of  the  area  is  estimated  to  be  between  $6,000,000  and  $10,000,000. 
Quartz  lodes  around  Garnet  worked  at  different  times,  chiefly  since 
1896,  have  yielded  $1,500,000  in  gold  and  considerable  copper  and 
silver.  In  addition,  moderate  amounts  of  copper,  lead,  and  silver 
have  been  produced  by  lodes  in  neighboring  areas,  mainly  in  the 
Clinton  district. 

The  gold-bearing  veins  at  Garnet  and  vicinity  occur  in  grano- 
diorite  and  in  the  adjoining  quartzite  and  schist.     Generally  the 
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veins  are  narrow  and  rich,  containing  auriferous  pyrite  and  chal- 
copyrite,  with  some  tetrahedrite  and  galena  that  were  introduced 
later.  At  Copper  Cliff  enargite  and  abundant  silica  were  introduced 
to  form  the  cement  in  a  quartzite  breccia.  In  the  Clinton  district 
chalcopyrite  is  the  primary  ore  mineral  in  lodes  formed  in  grano- 
diorite,  and  here  and  there  in  the  general  region  bodies  of  silver- 
bearing  galena  occur  in  limestone. 

The  ores  were  deposited  by  solutions  believed  to  have  been  given 
off  by  granodiorite  bodies  which  came  to  place  in  late  Cretaceous  or 
early  Tertiary  time.  Most  of  the  mines  show  no  evidence  of  being 
exhausted,  and  new  discoveries  and  increased  mining  activity  are 
looked  for  throughout  the  region. 

GEOGRAPHY. 

The  area  described  herein  is  in  the  drainage  basin  of  Clark  Fork 
about  50  miles  west  of  the  Continental  Divide.  It  includes  the  north- 
western part  of  the  Garnet  Range,  Camas  Prairie,  and  part  of  Hell- 
gate  Canyon,  as  the  gorge  of  Clark  Fork  between  Missoula  and 
Drummond  is  locally  called.  Clark  Fork  crosses  the  southern  part 
of  the  area,  following  a  nearly  westward  course  to  its  junction  with 
Rock  Creek,  where  it  turns  sharply  northward.  Blackf oot  River,  for 
the  most  part  north  of  the  area,  touches  its  northwest  comer  and 
joins  Clark  Fork  at  Bonner,  10  miles  farther  west. 

A  somewhat  irregular  watershed  that  has  a  general  easterly  direc- 
tion and  forms  the  main  summit  of  the  Garnet  Range  divides  the  area 
into  two  nearly  equal  parts.  The  drainage  of  the  nortliern  part  is 
mostly  collected  by  Elk  and  Union  creeks,  affluents  of  Blackfoot 
Biver,  and  that  of  the  southern  part  flows  directly  into  Clark  Fork. 
Because  of  irregularities  in  many  of  the  numerous  small  streams  the 
drainage  plan  appears  complex  in  detail.  Most  of  the  streams  are 
perennial,  and  Clark  Fork  and  Blackfoot  River  are  fairly  large  and 
swift,  their  combined  flow  being  used  at  Bonner  to  generate  consider- 
able power.  Both  rivers  are  subject  to  heavy  annual  freshets,  and 
during  an  unusual  flood  in  1908  Clark  Fork  ruined  many  farms  and 
destroyed  practically  all  the  railroads  in  Hellgate  Canyon. 

Timber  is  generally  abundant,  the  highlands  being  thickly  covered 
with  the  smaller  conifers  and  the  lower  slopes  containing  groves  of 
yellow  pine.  Lumbering,  which  has  been  carried  on  extensively  dur- 
ing the  last  30  years,  has  stripped  the  timber  from  most  of  the  Clark 
Fork  valley  and  the  slopes  about  Camas  Prairie. 

The  bottom  lands  in  Hellgate  Canyon  and  Camas  Prairie  and  the 
adjoining  bench  lands  are  fertile  and  are  cultivated  chiefly  for  hay 
^^nd  grain.  Apples,  cherries,  and  other  equally  hardy  fruits  gi'ow 
also,  and  the  more  gradual  slopes  afford  pasture  for  considerable 
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stock.    In  the  higher  areas  the  winters  are  rather  long,  there  is  con- 
siderable snow,  and  frost  is  likely  to  occur  any  summer  night. 

PHYSIOGRAPHY. 

The  most  obvious  characteristic  of  the  area  described  as  viewed 
from  the  main  traveled  route  along  Clark  Fork  is  its  roughness.  No 
smooth  or  level  ground  except  a  narrow  flood  plain  can  be  seen. 
The  valley  sides  rise  abruptly  to  imposing  heights,  the  dopes  com- 
monly showing  cliffs  and  crags  and  generally  being  as  steep  as  soil 
or  loose  rock  can  lie.  As  far  as  the  view  extends  up  the  V-shaped 
side  valleys  that  branch  out  right  and  left  at  short  intervals  a  similar 
ruggedness  prevails 

In  a  general  view,  however,  such  as  that  from  an  elevated  point 
like  Baldy  Mountain,  the  region  appears  very  different.  The  valleys 
that  roughen  it  so  extensively  can  not  be  seen,  except  those  near  at 
hand,  and  what  appears  to  be  a  smoothly  undulating  or  slightly 
hilly  plain,  above  which  isolated  mountains  or  groups  of  mountains 
rise  here  and  there,  stretches  away  on  all  sides.  Evidently  the  area 
as  a  whole  is  a  rather  flat  but  extensively  dissected  upland. 

The  origin  of  this  upland  and  the  valleys  that  almost  destroy  it 
is  an  interesting  subject,  not  only  from  the  viewpoint  of  the  geologist 
but  for  the  bearing  it  has  upon  the  mineral  deposits,  particularly 
the  distribution  of  the  placer  gravel. 

The  highest  point  in  the  area  is  a  peak  7,093  feet  above  the  sea, 
4  miles  northeast  of  Garnet,  and  the  lowest  is  the  town  of  Clinton, 
whose  altitude  is  2,467  feet.  The  main  valleys,  however,  are  about 
2,000  feet  deep,  and  the  relief  generally  does  not  exceed  2,600  feet. 

The  steep  slopes  occupy  about  three-fourths  of  the  area,  the  re- 
mainder being  in  part  flat  lowlands  along  the  streams  and  in  part 
flat  or  undulating  surfaces  on  the  divides.  Practically  all  the  low- 
land flats  are  confined  to  the  Clark  Fork  valley  and  Camas  Prairie. 
The  former  contains  a  flood  plain  from  a  quarter  of  a  mile  to  a 
mile  in  width,  and  Camas  Prairie  is  a  somewhat  larger  flat  composed 
of  the  flood  plains  of  Union  Creek  and  several  tributary  streams. 

Camas  Prairie  and  the  slopes  that  adjoin  it  form  a  large  flaring 
basin  that,  except  for  a  narrow  drainage  outlet  at  the  west,  is  com- 
pletely inclosed.  Camas  Basdn,  as  this  feature  may  be  called,  is 
about  2,000  feet  deep,  6  miles  wide,  and  10  miles  long,  and  its  major 
axis  trends  northwest.  In  strong  contrast  to  the  other  valleys  the 
sides  of  Camas  Basin,  viewed  without  regard  to  the  gulches  and 
ravines  that  channel  them,  slope  gradually  and  curve  smoothly  into 
the  central  lowland. 

The  flats  or  undulating  surfaces  on  the  divides  are  worthy  of  more 
than  passing  notice.  Most  of  them  lie  between  elevations  of  6,000 
and  6,500  feet,  and  they  surmount  practically  every  divide  that 
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reaches  those  heights.  Although  perhaps  more  extensive  and  con- 
tinuous along  the  main  watershed,  they  are  common  on  the  lateral 
spurs  out  to  points  that  look  down  on  Clark  Fork  or  the  other  prin- 
cipal streams.  As  already  mentioned,  a  general  view  shows  that  the 
summit  flats  fall  in  place  like  the  surface  of  an  undulating  plain,  and 
in  fact  the  flats  are  remnants  of  a  formerly  unbroken  surface  that 
was  nearly  a  plain — ^in  other  words,  a  peneplain.  The  general  relief 
of  the  peneplain  is  not  more  than  a  few  hundred  feet,  but  here  and 
there  is  a  higher  isolated  summit  like  Baldy  Mountain  or  Anderson 
Hill.  Some  of  these  summits,  as  for  example  a  high  point  east  of 
the  head  of  Deep  Creek,  are  remnants  of  lava  flows  poured  out  on 
the  peneplain;  others,  like  Anderson  Hill,  are  the  parts  of  some 
older  upland  not  completely  reduced  when  the  peneplain  was  formed. 

Less  noticeable  but  equally  significant  physiographic  features  are 
some  broad  passes  in  the  main  divides  and  flat  shoulders  or  benches 
on  the  sides  of  the  valleys.  Viewed  together,  these  are  remnants  of 
surfaces  parallel  to  the  peneplain  and  slightly  below  it,  or,  in  other 
words,  remnants  of  broad  valleys  in  the  peneplain.  The  pass  at  the 
head  of  Elk  Creek^  at  an  elevation  of  5,840  feet,  and  the  basin  drained 
by  Gambler  Creek  are  the  remnants  of  one  shallow  valley  nearly  a 
mile  wide,  which  had  a  northwest  course,  and  whose  stream  probably 
flowed  in  the  same  direction  and  was  the  ancestor  of  Elk  Creek.  A 
similar  valley  crossed  the  main  divide  a  little  west  of  Coloma,  and 
another  crossed  from  the  head  of  Tenmile  Creek  to  the  basin  of 
Union  Creek,  passing  a  mile  west  of  Copjper  Cliff.  Stones  Flat,  on 
the  main  divide,  at  an  altitude  of  about  6,200  feet,  is  a  remnant  of 
another  ancient  valley  and  is  especially  interesting  because  it  con- 
tains a  deposit  of  gold-bearing  stream  graveL  The  course  of  this 
valley  is  about  north,  but  the  stream  that  deposited  the  gravel  has 
been  diverted  and  its  identity  lost. 

That  the  peneplain  and  its  valleys* were  formed  by  erosion  is  plainly 
shown  by  the  occurrence  of  their  remnants  on  different  kinds  of  rocks 
and  without  pegard  to  the  structure.  In  one  locality  they  occur  on 
granodiorite,  in  another  on  quartzite  or  limestone,  and  whether  the 
rocks  are  tilted  or  not  makes  no  difference.  East  of  the  area  described 
the  peneplain  was  developed  throughout  the  Garnet  Range,  and  its 
remnants  are  very  abundant  also  in  the  Sapphire  Mountains,  which 
(jccupy  the  region  betweep  Clark  Fork  and  Bitterroot  River.  Across 
the  Bitterroot  and  Missoula  valleys  it  is  found  extending  over  a  large 
part  of  central  and  northern  Idaho.* 

^Lindgren,  Waldemar,  A  geological  recoDoalssance  *  *  ^  In  Montana  and  Tdaho: 
r.  8.  Geol.  Survey  Prof.  Paper  27,  p.  14,  1904.  Ransome,  F.  L.,  and  Calkins,  F.  C.  The 
Seology  mnd  ore  deposits  of  the  Coeur  d'Alene  district,  Idaho:  IT.  S.  Geol.  Survey  Prof. 
Paper  62,  p.  21.  1008.  Umpleby.  J.  B..  Geology  and  ore  depostts  of  Lemhi  County,  Idaho : 
V.  8.  Geol.  Survey  Bull.  528,  pp.  23-30.  1913. 
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Most  observers  consider  the  peneplain  to  have  been  formed  in  early 
Tertiary  time.  In  the  Garnet  Eange  no  facts  are  known  that  deter- 
mine its  age  within  narrow  limita  Lava  beds  that  lie  upon  it  in  the 
eastern  part  of  the  area  described  are  in  turn  overlain  by  Oligocene 
sediments  farther  east,  and  in  the  eastern  part  of  the  Garnet  Range 
the  peneplain  cuts  across  tilted  rocks  of  Cretaceous  (Colorado)  age. 
Therefore  it  was  formed  after  late  Cretaceous  rocks  had  been  folded 
and  before  Oligocene  beds  were  laid  down. 

Except  for  differences  in  magnitude  the  other  surface  features  of 
the  wide  region  mentioned  in  the  foregoing  paragraph  are  generally 
similar  to  those  of  the  area  particularly  considered  in  this  report. 
Narrow  steep-sided  valleys  occur  without  number,  the  general  mo- 
notony being  relieved  in  places  by  wide,  smooth  depressions  similar 
to  Camas  Basin,  or  by  isolated  peaks  and  ranges  that  rise  above  the 
general  summit  level.  All  parts  of  the  region  have  apparently  had 
the  same  general  history,  the  main  events  in  which  are  as  follows : 
In  early  Tertiary  time,  during  a  period  in  which  this  part  of  the 
earth's  crust  was  free  of  moimtain-building  or  other  movements — ^in 
other  words,  during  a  period  of  crustal  stability — ^the  area  generally 
was  reduced  to  a  low  elevation,  the  surface  approaching  a  plain,  or 
at  least  being  without  strong  relief.  Afterward  a  general  uplift  of 
several  thousand  feet  occurred,  as  a  result  of  which  the  streams  cut 
deeply  into  the  uplifted  region^  producing  its  present  ruggedness. 

The  details  of  this  uplift  and  erosion,  however,  were  by  no  means 
as  simple  as  the  foregoing  brief  statement  might  imply.  The  up- 
ward movement  was  neither  continuous  nor  everywhere  the  same,  the 
result  being  a  more  or  less  widespread  and  extensive  warping,  by 
which  features  like  Camas  Basin  were  formed.  In  addition  to 
warping,  lavas  were  extruded  here  and  there  both  before  and  during 
the  dissection  of  the  peneplain,  all  of  which  caused  many  changes  in 
the  drainage  plan.  For  example,  at  an  early  date  Clark  Fork,  or 
rather  a  stream  occupying  the  present  latitude  of  that  river,  probably 
flowed  east  from  a  point  near  Nimrod,  a  conclusion  suggested  by  the 
fact  that  some  tributaries,  Harvey  Creek  and  Bear  Creek  among 
them,  incline  to  the  east  or  opposite  to  the  present  course  of  the 
main  stream.  From  Nimrod  westward,  however,  there  is  no  evidence 
of  a  reversal,  and  the  stream  gathered  between  that  point  and  Rock 
Creek  was  merely  a  small  tributary  of  Rock  Creek,  a  conclusion  sup- 
ported by  the  fact  that  Clark  Fork  now  turns  sharply  north  at  the 
junction,  abandoning  its  own  general  direction  for  that  of  its  present 
tributary.  Doubtless  the  warping  early  caused  the  waters  east  of 
Nimrod  to  turn  to  their  present  direction,  but  Rock  Creek,  having 
become  intrenched,  has  preserved  the  evidence  of  its  former  dominat- 
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ing  rank.  Significant  features  in  the  valleys  of  the  main  streams 
are  numerous  bends  and,  along  the  Clark  Fork  valley  in  particu- 
lar, low  terraces  or  benches  and  small  transverse  spurs,  of  which 
Beaver  Tail  Hill  and  Medicine  Tree  Hill  are  examples.  In  places 
the  bends  give  the  valleys  rather  serpentine  courses,  and  for  the  most 
part  they  are  thought  to  be  inherited  from  meanders  followed  by  the 
streams  when  they  flowed  near  the  surface  of  the  peneplain.  The 
|)enches  and  flat  spurs  are  of  more  recent  origin.  Apparently,  when 
within  200  feet  of  its  present  level,  Clark  Fork  ceased  down  cutting, 
probably  because  of  a  temporary  dam  farther  down,  as  suggested 
in  the  next  paragraph,  long  enough  to  widen  its  valley  somewhat  and 
floor  it  with  gravel.  When  the  stream  was  rejuvenated,  probably 
through  destruction  of  the  dam,  down  cutting  was  resumed,  and  parts 
of  the  graveled  floor  were  left  high  and  dry  as  benches  and  flat  spurs, 
the  spurs  being  formed  between  meanders  through  which  the  stream 
had  traveled  from  side  to  side  within  the  limits  of  its  valley. 

Clark  Fork  is  now  again  widening  its  valley  and  covering  it  with 
gravel,  because  of  a  dam  of  late  glacial  outwash  thrown  across  it 
by  Blackfoot  River  at  Bonner.  Whether  the  former  widening  and 
gravel  deposit  were  due  to  a  similar  cause  is  not  known,  but  it  is 
thought  probable  that  they  were,  in  view  of  the  well-known  fact  that 
an  earlier  Pleistocene  glaciation  occurred  in  this  general  region. 

GEOLOGY. 


GENERAL  FEATURES. 

The  area  described  herein  is  part  of  the  borderland  between  the 
great  pre-Cambrian  shale  and  quartzite  area  of  northwestern  Mon- 
tana and  a  province  of  Paleozoic  and  later  sediments  deposited  along 
the  main  axis  of  the  Rocky  Mountains.  In  its  southeast  corner  Cre- 
taceous shale  and  sandstone  are  exposed.  Toward  the  northwest 
older  beds,  including  at  least  4,000  feet  of  Paleozoic  limestones,  suc- 
ceed one  another  in  descending  order  before  the  Algonkian  shales 
and  quartzites  are  reached.  The  latter  occupy  at  least  two-thirds  of 
the  area  described,  are  5,000  feet  or  more  in  thickness,  and  belong  to 
the  upper  part  of  the  Belt  series.  In  common  with  many  other  parts 
of  the  general  region  this  area  does  not  show  angular  discordances 
between  any  of  the  rocks  mentioned,  all  the  beds  having  apparently 
remained  undisturbed  until  the  last  was  laid  down.  Therefore  breaks 
in  the  sedimentation  are  not  readily  detected,  and  a  great  gap  be- 
tween the  Cambrian  and  Belt  rocks  would  hardly  be  suspected  in  a 
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casual  examination.  So  far  as  the  observations  go,  however,  the 
Flathead  qnartzite,  the  oldest  Cambrian  formation  known  in  tlie 
general  region,  is  not  present  everywhere  in  the  area  described. 

In  several  localities  intrusive  igneous  rocks,  chiefly  granodiorite^ 
have  broken  through  the  sedimentary  beds  mentioned,  some  of  the 
bodies  at  least  not  having  come  to  place  until  after  sediments  of 
Colorado  age  had  been  folded.  The  areal  outlines  of  the  granodiorite 
commonly  advance  up  the  gulches  and  retreat  around  the  interven- 
ing spurs,  showing  that  the  intrusive  bodies  are  only  partly  uncov- 
ered, and  the  exposures  are  so  much  alike  that  it  seems  not  unreason- 
able to  regard  them  all  as  parts  of  a  single  huge  deeply  buried  mass. 
It  does  not  follow,  however,  that  all  the  offshoots  of  this  mass 
arose  at  the  same  time.  In  fact,  the  body  along  Clark  Fork  near 
Willis,  which  occupies  a  lower  position  than  the  others,  is  so  much 
finer  grained  that  it  probably  crystallized  under  a  very  thin  cover, 
a  condition  that  could  have  been  brought  about  only  by  considerable 
erosion  after  the  earlier  eruptions  No  metalliferous  lodes  or 
strongly  metamorphosed  rocks  are  known  about  the  granodiorite  at 
Willis,  a  possible  explanation  being  that  rapid  solidification  of  the 
intrusive  body  did  not  give  time  for  mineralizing  solutions  to  collect 
or  escape. 

Small  dikes  of  a  light-gray  granodiorite  porphyry  are  moderately 
abundant  in  the  metamorphic  sediments  and  in  the  granodiorite  of 
the  Garnet  and  Clinton  mining  districts.  Pegmatite  and  aplite  are 
uncommon.  Lavas  extruded  upon  eroded  surfaces  of  granodiorite 
and  the  Cretaceous  and  older  sediments  occupy  large  areas  east  of 
Top  o^  Deep,  in  and  near  Bearmouth,  and  form  small  patches  else- 
where. Most  of  these  lavas  are  andesite  or  related  rocte.  Hhyolite 
is  fairly  abimdant  and  basalt  uncommon.  Beginning  with  the  oldest, 
their  general  order  of  extrusion  seems  to  be  rhyolite,  andesite,  and 
basalt.  The  main  bodies  of  andesite  and  rhyolite  are  continuous 
with  masses  farther  east  that  underlie  sediments  of  Oligocene  age. 
Surficial  deposits  consisting  of  Tertiary  light-colored  silts  containing 
volcanic  ash  and  gravels  of  later  age  are  not  areally  important  except 
in  Camas  Prairie  and  the  Clark  Fork  valley. 

LTTHOLOGY. 

Notes  on  the  lithology  are  given  in  condensed  form  in  the  follow- 
ing table,  in  which  the  subdivisions  indicate  probable  correlations 
with  the  rocks  of  the  Philipsburg  quadrangle :  ^ 

>  Calkins,  F.  C,  and  Emmona,  W.  H.,  U.  8.  Geol.  Surrey  Geol.  Atlas,  Phillpaburg  folio 
(No.  196),  1915. 
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Parti<U  sections  of  rocks  in  the  northwestern  part  of  the  Garnet  Range,  Mont. 

Scdlmcntenr  rocki. 


System. 

Formation. 

Character. 

fVi«a(Ay_ 

Recent. 

AlluYium. 

Sflt,  sand,  and  gravel  that  form  flats  along  the  streams  and  are  locally 
gold  bearing. 

nary. 

Pleisto- 
oene. 

Terrace  grav- 
els. 

Moderately  thick  dei)06its  of  subansriilar  to  smoothly  washed  gravel  that 
covers  tne  terraces  or  bench  lands  around  Camas  Prairie  and  Sunset 
Valley.  Small  patches  of  river  gravel  on  terraces  or  bars  along  Clark 
Fork  about  100  feet  above  the  stream.    Locally  gold  bearing. 

Terti- 
ary. 

Olieo- 
oene  or 
Mio- 
cene. 

Lake  beds. 

Fine  light-colored  massive  silts  underlying  the  bench  lands  in  Camas 
Prairie,  Sunset  Valley,  and  small  tracts  in  the  extreme  southeastern 
part  of  the  mapped  area.  Generally  concealed  by  superficial  material 
and  to  be  seen  only  in  road  cuts  or  other  artificial  exposures.  As  a  rule 
the  material  Is  sharp  and  gritty,  owing  to  particles  of  volcanic  glass  that 
glint  when  specimens  are  turned  in  the  sunlight.  At  the  southeast  cor- 
ner of  the  mapped  area  the  lake  beds  contain  a  Moot  bed  of  subbitiuni- 
nouscoal.o 

Upper 
Creta- 
ceous. 

Colorado  for- 

Fissile  black  shale,  poorly  exposed  at  the  southeast  comer  of  the  mapped 
area. 

Ci«ta- 

oeoQS. 

Lower 
Creta- 
ceous. 

Kootenai  lor- 
maiion. 

LOOO  feet  or  more  of  variegated  shales,  chieflv  purple  and  maroon,  together 
with  some  thin  beds  of  limestone.  Subduea  exposures  along  Clark 
Fork  in  the  vicinity  of  Hellgate  and  eastward.  In  the  railroad  cut  at 
Hellgate  the  maroon  shale  snows  concretionary  forms  as  large  as  a  cart 
wheel. 

« 

Juras- 
sic. 

Upper 
Juras- 
sic. 

Ellis  forma- 
tion. 

100  feet  or  more  of  flasgv  cross-bedded  gray  sandstone  and  some  buff- 
weathering  shale  ana  limestone,  rather  poorly  exposed  along  Clarke 
Fork  above  and  below  Hellgate. 

Car- 

bonif. 

erous. 

Penn- 
sylva- 
nian. 

Qoadrantfro- 
mation. 

aoo  feet  or  more  of  grayish-brown  and  yellow  quartzite  and  red  shale  over- 
lies the  Madison  limestone  in  a  narrow  area  extending  from  Tenmile 
Creek  southeastward,  also  west  of  Little  Bear  Creek.  Outcrops  of  the 
quartzite  are  bold;  in  places  the  rock  looks  like  flint  and  commonly  is 
crushed  to  a  breccia  superficially  stained  red  or  brown.  The  red  shale 
is  poorly  exposed.  A  little  phosphatic  sandstone  overlies  the  quartzite 
in  the  extreme  southeastern  part  of  the  area  surveyeil,  but  it  dies  out 
to  the  northwest.  This  phosphatic  sandstone  probably  represents  the 
Phosphoria  formation. 

• 

MiSBis- 
B^pian. 

Madison 
limestone. 

1,000  feet  or  more  of  light-gray  and  blue  limestone,  fossiliferous,  cherty, 
and  otherwise  similar  to  the  Madison  of  the  general  region.  Forms  pio 
turesque  cliffs  and  crags  along  Clark  Fork  east  of  Dearmouth  and  along 
Bear  Creek  generally  from  Tenmile  Creek  down.  Also  extensively 
exposed  along  the  East  Fork  of  Cramer  Creek  and  the  upper  courses  of 
streams  that  enter  Clark  Fork  from  the  north  between  Nimrod  and 
WUlis.  Some  of  the  outcrops  east  of  Bearmouth  are  superficially 
stained  pink  with  ocher  from  the  red  shale  member  of  the  overlying 
Quadrant.  . 

Devo. 
nian. 

Middle 
Devo- 
nian. 

Jefferson 
limestooe. 

Crags  of  gray  and  brown  limestone  along  Bear  Creek  near  Packer  Gulch. 
Several  hundred  feet  of  gray  to  black  limestone  along  North  Fork  of 
Cramer  Creek  near  the  Chloride  mine. 

Bilu. 
rlaii(?) 

Maywood 
formation. 

A  bed  of  calcareous  quartzite  about  100  feet  thick. 

a  Pardee,  J.  T.,  Coal  in  the  Tertiary  lake  beds  of  southwestern  Montana:  U.  S.  Geol.  Survey  Bull.  531, 
pp.242-243»pl.l4,1913. 
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Partial  sections  of  rocks  in  the  northwestern  part  of  the  Garnet  Range,  Mont.- 

Continued. 

Sedtmenterr  rocke — Continued. 


System. 

Beiies. 

FormatlQn. 

Ctaaraoter. 

Middle 
and 
Upper 
Cam- 
brian. 

Red  Lion 
Ibrniation. 

About  800  feet  of  silioeoun  limestone  measured  above  the  Hiasmark  at  the 
Cramer  Creek  section.  Composed  of  thin  layers  of  buff  to  phik  shale  and 
chert  alternating  with  dove-gray  limestone.  Similar  beds  are  exposed 
also  at  a  point  about  two-thirds  of  the  way  to  the  Chloride  mine  along 
the  trail  that  follows  the  divide  westward  from  Copper  Cliff. 

Cam- 
biian. 

Hasmark 

Fine-grained  dull-blue  or  lead-gray  limestone;  weathered  surfEuse  a  dirty 
white  or  dove-gray.  Some  beds  have  a  concretionary  structure,  ana 
some  that  are  biaoc  show  light-colored  irregular  branching  or  twiflike 
forms.  A  section  670  feet  thick  measured  along  Cramer  Creek  at  Par- 
ent's ranch  is  made  up  of  dove-gray  limestone  beds  with  a  few  thin,  yel- 
low and  pink  siliceous  laminae.  Some  specimens  of  the  limestone 
effervesce  freely  with  cold  dilute  add  and  others  do  not;  weathered  sur- 
faces  feel  gritty.  Near  the  granodiorite  contacts  at  Oamet  and  elsewhere 
the  Hasmark  is  changed  to  a  white  crystalline  rock  resembling  coarse- 
gnUned  marble  that  breaks  down  under  the  influence  of  weathering  to  a 
carbonate  sand.  Adjoining  the  contact  the  metamorphosed  rock  is 
oonmionly  stained  green  with  chlorite,  and  considerable  portions  of  it 
are  replaced  by  brown  garnet.  At  moderate  distances  the  original  blue 
and  gray  colors  of  the  limestone  are  n^^  destroyed,  but  as  a  nue  slender 
needles  of  white  tremoUte  are  developed. 

Silver  Hill 
formation. 

Gray  and  white  banded  calcareous  shale  at  Garnet  and  along  Bear  Creek 
above  First  Chance  Gulch .  Also  lead-gray  shales  along  road  above  the 
Dandy  and  Haparanda  mines  east  of  Garnet  and  in  some  of  the  work- 
ings at  the  Copper  Cliff  mine.  A  section  along  Ryan  Creek  about  a  mile 
above  its  mouth  shows  about  100  feet  of  siliceous  laminated  limestone 
and  calcareous  white  or  pale-yellow  quartzite  below  the  Hasmark  forma- 
tion and  above  a  vellowish-brown  quartzite  that  in  turn  rests  upon  un- 
doubted Belt  beds.  In  the  middle  of  the  siliceous  limestone  is  a  6-foot 
bed  of  conglomerate  made  up  of  well-rounded  quartzite  cobbles  firmly 
cemented  m  a  sandy,  limy  matrix.  At  Garnet  portions  of  the  Silver 
Hill  formation  are  changied  by  metamorphism  to  a  gamet-epidote 
homstone. 

Flathead 

Rather  pure  buff  to  gray  banded  quartzite  on  the  summit  of  Anderson 
Hill  east  of  Garnet;  reddish-brown  brecclated  quartzite  along  Ryan  and 
Maroella  creeks  north  of  Willis.  Evidently  not  very  thick,  and  appar- 
ently not  developed  over  the  whole  region. 

Aleon- 

Belt. 

• 

Deep-red  to  grayish-green  indurated  shales  and  interbedded  quartzitio 
sandstones  that  generally  show  small  flakes  of  mica  and  form  bold  ex- 
posures along  both  sides  of  the  Clark  Fork  valley  below  Bearmouth  and 
m  the  canyons  of  tributary  streams.  A  typical  section,  4,000  fBet  thick, 
measured  along  Cramer  Creek  below  the  mouth  of  its  west  fork,  shows 
chiefly  deep-red  shale  below  and  red  or  purple  shale  interleaved  with 
pale-yellow  or  gray  sandstone  above.  Ii^y  of  the  upper  purple  beds 
show  light-colored  spots  and  streaks.  Near  the  laree  mtrusive  bodies 
contact  metamorphlnm  has  altered  the  more  sandy  layers  to  mica 
schists,  and  others  to  arglUite  or  homstone.  Specimens  from  the 
upper  beds,  which  crop  out  in  the  vicinity  of  Garnet,  commonly  show 
abundant  dark-gray  spots  or  knots  that  under  the  microscope  prove  to 
be  either  aggregates  of  fine  btotite  or  crystals  of  oordierite.  Generally 
the  cordlente  crystals  show  the  outlines  of  short  thick  prisms  a  qoar- 
ter  of  an  inch  in  d  ameter  and  inclose  a  multitude  of  fine  mica  flakes  and 
quartz  gratais.  In  addition  some  of  the  rock  specimens  contain  a  little 
seocmdaiy  zoi^teand  feldspar.  Shaly  beds  in  contact  with  the  |(hmo- 
diorite  near  CUnton  are  changed  to  dense  purple  and  green  hornstone. 
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Partial  sections  of  rocks  in  the  northwestern  part  of  the  Oamet  Range,  Mont, — 

Continued. 


Geologic 
age. 

FormatioiL 

Character. 

Basalt. 

Small  patches  of  dense  flneijafaied  black  lava  near  Bearmonth.  Under  the 
microscope  a  specimen  from  an  outcrop  2  miles  up  Lannen  Creek  is  a  t  vpical 
olivine  basalt  showing  plagbclase  laths  in  a  crvptocrystalline  groundmaBS. 
It  appears  to  be  later  than  the  hyperstheno  andesite. 

Dnclte. 

A  medium-grained  gray  porphyrltic  lava  that  looks  not  unlllce  granodiorlte 
from  a  distance  occurs  along  Clark  Fork  between  Willis  and  Nimrod.  The 
phonocrysts  are  plagioclase,  and  in  addition  there  are  flakes  of  biotite  and 
grains  of  quartz  m  a  fine-grained  vitreous  groundmaas.  This  lava  lies  on  a 
surface  eroded  almost  as  deeply  in  the  Belt  shale  as  the  bed  of  Clark  Fork 
and  it  is  therefore  thought  to  be  comparatively  recent. 

Middle 

Tertiary. 

Hornblende 
and    aiigite 
andeslte. 

Prominent  outcrops  along  Union  Creek  above  Camas  Prairie  and  a  few  locali- 
ties near  by  of  medium-gray,  strikingly  porphvritic  lava.  An  exposure 
halfway  along  the  road  from  union  Creek  to  Coloma  is  crowded  with  dis^ 
tinctly  sonna  plagioclase  feldspars,  some  of  them  as  large  as  an  inch  in 
diameter.  Under  the  microscope  the  fine-grained  groundmass  is  seen  to  be 
composed  of  plagioclase  biotite  and  auglte,  and  the  cones  in  the  phenocrvsts 
to  be  made  up  of  biotite  flakes.  A  specimen  from  a  small  mass  near  Shipler'to 
cabin  at  Copper  Cliff  Is  less  strongly  porphyrltic  and  contains  hornblende 
and  augfte  In  about  equal  amounts.  These  rocks  lie  upon  an  eroded  surface 
of  Paleosoio  and  older  rocks  and  are  covered  by  Tertlaiy  lake  beds  but  wore 
not  observed  In  contact  with  the  other  lavas. 

Hypersthene 
iftndesito(7). 

Large  areas  of  gravjah  or  purplish-brown  fine-textured  lavas  exposed  east  of 
Top  o'  Deep  and  southeast  of  Bearmouth.  Not  examined  microscopically, 
but  these  bodies  are  similar  in  occurrence  and  practically  continuous  with 
areas  of  hypersthene  andeslte  in  the  Oamet  Range  farther  east. 

RbyoUte  (7). 

Exposures  south  of  Felan  Creek  and  along  Wood  Creek  and  other  places  south 
and  east  of  Bearmouth  of -light-c^ray  to  pink  or  red  fine-grained  dense  lavas 
that  show  small  quarts  phenocrysts. 

Peinnatite  and 
Bplite  dllnw. 

Not  abundant.  Small  dikes  in  the  granodiorlte  at  Oamet  consist  chiefly  of 
pale-pink  feldspar  and  quarts  In  coarse  graphic  intcrgrowths.  A  specimen 
from  one  exposed  in  the  Dewey  mine  shows  ooth  orthoclaso  and  plagioclase, 
the  latter  almost  wholly  altered  to  seridtc,  chlorite,  and  calclte.  Small 
apUte  veins  were  observed  in  granodiorlte  at  the  Pearl  mine  near  Top  o'  Deep. 
A  dike,  14  feet  wide,  that  cuts  the  gabbro  sill  near  Tyler  Creek  Is  closely 
related  to  a  quartz  vein  and  carries  a  little  chalcopyrlte.  A  specimen  exam- 
ined under  tne  microscope  is  composed  of  albite  and  quartz  with  acoeasory 
rutile,  zircon,  and  apatite. 

UteCre. 

Uoeous 

or  Early 

Tertiary. 

Porphyry 
dikes. 

Small  dikes  of  gray  and  greenish-gray  rock  showing  porphyrltic  feldspara  and 
biotite  in  a  fine-grained  groundmass  are  fairly  abundant  in  the  Oamet  and 
Clinton  districts.  In  a  specimen  from  a  dike  near  the  Red  Cloud  mill,  at 
Oamet,  the  phenocrysts  are  small  hypidlomorphlc  plii^oclasos  and  the 
groundmass  consists  of  feldspars,  quartz,  and  biotite.  A  dike  at  the  head  of 
Weasel  Gulch,  near  Top  o'^Doep.  shows  sharoly  outlined  phenocrysts  of 
plagioclase  and  orthoclase  in  a  similar  groundmass.  Both  dikes  contain 
accessory  iron  ore  and  apatite. 

GranodlofHe. 

Light-gray  granular  crystalUne  intrusive  rock  exposed  extensively  in  the 
vicinity  of  Oamet,  in  the  Clinton  mining  district,  and  In  small  areas  else> 
where.  E  xcept  those  along  Clark  Fork  near  Willis,  ail  the  exposures  are  very 
much  alike  in  general  appearance,  texture,  and  composition.  Thev  show 
prisms  of  black  homblenac,  commonly  one^hth  Inch  or  more  in  length, 
and  flakes  of  dark  mica  in  a  granular  mass  of  medium-textured  milk-white 
feldspars  and  quartz.  The  exposures  near  Willis  are  very  much  finer  grained 
and  somewhat  lighter  colored.  Porphyrltic  feldspars  half  an  inch  or  less  In 
length  were  observed  in  the  Garnet  and  Clinton  exposures,  ospecJally  at 
Clinton,  but  they  are  not  common.  Marginal  portions  of  the  exposod  masses 
are  eonerally  somewhat  darker  with  ferromagnesian  minerals  than  other 
portions.  A  few  representative  specimens  from  the  Oamet  and  Clinton 
oodles  are  shown  by  the  microscope  to  be  composed  chiefly  of  andeslno- 
oligoclase,  auartz,  orthoclase,  hornblende,  and  bbtlte,  with  accessory  iron 
ore  (ilmenlu)  or  magnetite)  and  apatite.  A  specimen  of  the  fine-textured 
bodv  at  Wfllis  from  an  exposure  north  of  the  river  shows  the  same  mineralB 
as  tne  other  bodies,  but  the  fcrromagnesiui  silicates  are  less  abundant. 

Pre. 
TertJury. 

Gflbbro. 

A  sill  300  feet  or  more  thick  of  dense,  heavy  dark  grayish-green  crystalline  rock 
hitrusi ve  In  the  Bolt  rock  south  of  Clark  Fork  between  Nimrod  and  Booita. 
Under  the  microscope  specimens  from  the  locality  of  Tyler  Creek  show 
feldspar  (sodlc  labradorlte  or  albite)  and  auglte  as  the  chief  coastituents, 
with  minor  amounts  of  homblende,  biotite,  and  quartz  and  accessory 
llmenlte,  tltanite,  and  apatite.  Some  of  the  origlDal  rock  minerals  are 
altered  to  calclte,  uralite,  and  chlorite. 

82153°— la— Bull.  660 12 
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8TBUCTTJBE. 
FOLDS. 

Several  large  folds  that  involve  all  the  sedimentary  rocks  older 
than  Tertiary  cross  the  area  described  from  southeast  to  northwest. 
In  the  southeastern  part,  along  Clark  Fork,  the  folds  are  tightly 
compressed  and  conmionly  overturned,  causing  the  rocks  to  h&ve 
vertical  or  very  steep  dips.    A  large  syncline  that  is  followed  by 
Clark  Fork  for  some  distance  above  and  below  Hellgate  and  another 
which  appears  just  below  Bearmouth  have  tightly  squeezed  Cre- 
taceous and  Jurassic  rocks  and  Carboniferous  (Quadrant)  quartzite 
in  theii^  cores.    Toward  the  northwest  the  troughs  are  more  open. 
They  also  rise  in  this  direction,  so  that  the  younger  formations,  in 
consequence  of  the  relation  of  this  inclination  to  the  present  erosion 
surface,  thin  out,  one  by  one,  until  only  Belt  rocks  remain.    The  in- 
tervening anticlines  carry  the  Belt  rocks  southeastward,  and  most 
of  them  plunge  in  that  direction  and  become  very  tightly  com- 
pressed.   The  gradual  opening  of  the  folds  toward  the  northwest 
marks  the  transition  from  the  intense  deformation  of  the  Rocky 
Mountain  Paleozoic  province  to  the  relatively  broad  and  simple 
structure  that  characterizes  the  great  pre-Cambrian  area  of  the 
Northwest. 

FAULTS. 

One  of  the  chief  structural  features  of  this  area  is  a  large  over- 
thrust  fault  on  a  fissure  that  comes  to  the  surface  along  the  Clark 
Fork  valley  from  Bearmouth  to  Bonita.  In  this  locality  its  general 
course  is  about  N.  20°  W.  and  its  dip  20°-80^  SW.  West  of  Bo- 
nita this  fissure  has  not  been  traced,  and  east  of  Bearmouth  its 
course  is  concealed  by  superficial  formations,  but  there  is  some  reason 
to  think  it  is  continuous  with  that  of  the  Philipsburg  fault,*  about 
20  miles  to  the  southeast.  Each  fault  has  carried  a  great  mass  of 
Belt  rocks  from  the  west  over  Paleozoic  and  younger  formations, 
and  a  line  joining  the  two  falls  in  an  area  underlain  by  Tertiary 
and  other  superficial  formations  that  continues  to  separate  the  Belt 
and  Paleozoic.  Along  the  Clark  Fork  valley  the  trace  of  the  fault 
is  generally  accompanied  by  as  much  as  100  feet  of  crushed  or  dis- 
turbed rocks,  and  where  it  crosses  some  low  spurs  north  of  the 
river  it  is  marked  by  small  notches.  In  places  movement  is  shown 
along  several  fractures,  as  if  one  had  become  clogged,  causing  an- 
other to  form  behind  it,  and  so  on.  The  Gipsy  prospect,  on  the  west 
fork  of  Cramer  Creek,  is  on  a  parallel  fault  that  is  probably  a  re- 
lated thrust  if  not  a  branch  of  the  main  fault. 

^ I      J I  M.     ■  -  ^ 

^  Calkins,  F.  €.»  and  Emmona,  W.  H.,  U.  S.  Geol.  Survey  Oeol.  Atlas,  Philipsburg  folio 
(No.  196),  p.  18,  1915. 
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There  is  evidence  of  northeastefi-ly  faulting  along  steeply  inclined 
or  vertical  planes  in  the  mines  at  Garnet,  along  First  Chance  Gulch, 
and  elsewhere,  but  the  displacements  on  these  faults  are  generally 
small.  Along  Cramer  Creek  and  its  north  fork,  especially  at  Copper 
Cliff,  there  has  been  extensive  crushing  along  a  northeast  plane. 
In  addition  to  the  normal  displacements  shown  at  Copper  Cliff,  the 
large  block  on  the  southwest  side  of  the  plane  api>ears  to  have  been 
shoved  forward,  or  to  the  northeast,  relative  to  the  other  block. 

ORE  DEPOSITS. 

CLASSIFICATION. 

The  ore  deposits  of  the  area  comprise  lodes  that  are  valuable  for 
gold,  copper,  silver,  and  lead,  and  gold  placers.  The  lodes  include 
contact-metamorphic  deposits  in  limestone,  simple  and  multiple 
quartz  veins,  filled  fissures,  replacement  veins  in  granodiorite  and 
schist,  and  replacement  deposits  in  limestone  not  directly  related  to 
igneous  contacts.  The  lodes  are  most  conveniently  described  as 
natural  groups  about  certain  localities,  and  the  terms  Garnet  district, 
Coloma  district,  etc.,  as  used  in  this  report  include  only  the  mines 
near  those  places. 

LODES. 

GARNET  DISTRICT. 
EIBTOBT  AHD  PBODVOTIOV. 

The  bulk  of  the  mineral  wealth,  except  placer  gold,  produced  by 
the  region  considered  in  this  report  has  been  taken  from  a  small  area 
surrounding  the  town  of  Garnet  In  1867,  while  placer  mining  was 
at  its  height,  the  Lead  King,  Grant  &  Hartford,  and  Shamrock  veins 
were  discovered,  and  about  1873  S.  I.  Ritchey  located  the  Nancy 
Hanks.  Except  that  small  lots  of  ore  were  worked  from  time  to 
time  in  an  arrastre  down  Bear  Creek,  the  productive  period  of  the 
camp  did  not  begin  until  1896.  In  that  year  the  rich  "red-ore" 
body  of  the  Nancy  Hanks  was  discovered;  soon  other  important 
mines  were  opened,  and  a  variable  but  continuous  production  has 
been  maintained  ever  since.  Although  Garnet  as  a  mining  center 
is  less  widely  known  than  it  deserves,  this  is  partly  because  its  his- 
tory happily  has  been  free  from  questionable  stock  promotion.  For 
the  most  part  the  mines  have  been  made  to  pay  their  own  expenses 
from  the  start,  a  policy  that  has  been  possible  because  rich  ore  gen- 
erally extends  to  the  surface. 

Records  of  production  since  1897  show  a  total  of  about  $950,000, 
of  which  at  least  95  per  cent  was  gold  and  the  remainder  copper  and 
silver.    Considerable  ore  for  which  no  records  are  available  was 
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mined,  however,  and  estimates  made  by  persons  familiar  with 
mining  history  of  the  region  bring  the  total  up  to  $1,400,000  or  na- 

WKIHO  COVDITIOVS. 

In  1916  the  Dewey  mine  made  fairly  regular  ore  shipments.    ' 
various  reasons,  of  which  litigation  was  one,  the  other  mines  vi 
closed,  but  none  of  them  is  thought  to  be  worked  out.    Part  of 
ore  produced  in  the  past  was  milled  on  the  ground,  but  most  o: 
was  shipped  to  smelters  or  sampling  works  at  Butte  and  Helc 
An  extraction  of  80  to  90  per  cent  of  the  gold  and  silver  was  obtail 
from  oxidized  ore  worked  in  the  Red  Cloud  mill  by  amalgamat 
and  concentration.    The  shipping  ore  is  hauled  down  grade  10  mi 
to  Bearmouth  and  delivered  to  the  Northern  Pacific  Railway  or  1 
Chicago,  Milwaukee  &  St.  Paul  Railway  for  transporting  to  ( 
smelters.    In  1916  the  cost  of  the  wagon  haul  was  $1.50  a  ton  a 
the  railroad  and  smelter  charges  averaged  about  $6   addition 
Nearly  everywhere  the  district  contains  sufficient  wood  and  wa^ 
for  ordinary  mining  and  milling,  and  although  snow  usually  i 
cumulates  to  depths  of  3  or  4  feet  during  the  rather  long  winta 
mining  operations  are  seldom  interrupted. 

OEOOBAPHT  AND  OEOLOOT. 

Most  of  the  mines  around  Garnet  are  within  a  mile  of  the  tow 
being  distributed  along  a  rather  narrow  northwesterly  belt  that  li 
mostly  along  the  watershed  between  Clark  Fork  and  Blackfoot  Rive 
First  Chance  Gulch,  noted  for  its  lai^e  yield  of  placer  gold,  hea< 
within  the  belt  and  leads  out  to  the  southwest.    A  branch  of  Kean 
Gulch  drains  the  northwestern  part,  and  gulches  that  lead  to  El 
Creek  head  along  the  north.    All  these  gulches  contained  rich  pladi 
gravels.    Except  for  the  southeastern  part,  which  includes  the  stee 
slopes  south  of  Anderson  or  Bear  Mountain,  the  mineralized  belt  has 
plateau-like  surface  6,000  feet  above  the  sea.    In  detail  this  surfac 
is  made  up  of  low  hills  and  flat,  shallow  valleys,  the  landscape  bein, 
a  sample  of  that  which  the  whole  region  once  presented-     It  i 
the  record  of  a  time  long  before  the  many  deep,  rugged  valleys  tha 
to-day  dominate  the  region  had  been  made.    A  short  distance  fron 
the  divide  the  streams  begin  to  flow  rapidly,  and  soon  descend  int< 
gulches  1,000  feet  or  more  deep. 

The  area  about  Garnet  is  underlain  by  very  ancient  (Belt  and 
Cambrian)  sedimentary  rocks,  intruded  by  granodjiorite.  The  oldesj 
of  these  rocks,  which  occupy  the  surface  from  First  Chance  Gulch 
eastward,  are  quartzite  and  shale,  both  noticeably  micaceous  and 
schistose.  Many  of  the  layers  show  small  dark  spots  or  knots,  and 
are  sometimes  referred  to  by  the  prospectors  as  "bird's-eye  porphyry.'* 


ij 

^ 
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In  a  few  specimens  that  were  examined  under  the  microscope  the 
knots  proved  to  be  either  aggregates  of  mica  or  crystals  of  cordierite, 
a  silicate  of  alumina,  magnesia,  and  iron.  In  addition,  there  are 
some  other  secondary  minerals,  all  going  to  show  that  the  grano- 
diorite  has  altered  the  rocks  it  broke  through.  Above  the  quartzite 
and  shale  lie  thick  and  extensive  beds  of  limestone,  in  which  meta- 
morphism  is  also  shown  near  the  granodiorite  contact.  Large  por- 
tions of  the  limestone  have  been  changed  by  the  heat  and  vapors  given 
off  by  the  intrusive  body  to  brown  garnet  rock,  the  most  prominent 
outcrop  of  which  is  on  the  hill  north  of  the  Garnet  schoolhouse.  At 
Top  o'  Deep  and  some  other  localities  similar  garnet  deposits  contain 
copper,  but  those  at  Garnet  do  not,  so  far  as  known.  Generally  the 
limestone  next  to  the  contact  is  changed  to  a  white  marble  which 
under  the  process  of  weathering  breaks  down  to  a  sand  that  looks  like 
granulated  sugar.  At  moderate  distances  from  the  contact  the  rock 
retains  its  original  fine  texture  and  blue  and  gray  colors  but  shows 
small  white  needles  of  tremolite  and  spots  of  mica.  In  general  the 
evidences  of  contact  metamorphism  are  noticeable  for  half  a  mile  or 
more  from  the  contact. 

Although  locally  the  contact  plane  dips  toward  the  granodiorite, 
the  outline  of  the  exposed  granodiorite  body  and  its  relation  to  other 
similar  bodies  (PL  VI)  suggest  that  it  is  larger  in  depth  and  prob- 
ably is  but  one  of  several  knobs  on  a  mass  that  underlies  a  large  part 
of  the  region.  Small  dikes  of  light-gray  porphyry  have  cut  the 
sedimentary  rocks  or  have  been  forced  in  along  their  bedding  planes. 

The  quartzite,  shale,  and  limestone  are  folded  together  in  an  arch 
that  has  a  northwest  direction  and  crosses  First  Chance  Gulch  trans- 
versely, its  axis  lying  below  the  Ked  Cloud  mill.  (See  fig.  21,  p.  191.) 
North  of  the  axis  there  are  some  smaller  flexures,  but  the  general 
pitch  of  the  beds  is  downward  all  the  way  to  the  granodiorite. 

Faults  are  found  in  all  the  mines,  but  they  can  not  be  easily  traced 
on  the  surface.  Most  of  them  have  either  a  northeast  or  northwest 
direction,  and  they  cause  no  very  great  displacement. 

ORE  DEPOSITS. 

Character  and  distribution, — The  ore  bodies  at  Garnet  are  veins 
that  in  part  have  filled  open  spaces  along  fractures  or  bedding  planes 
and  in  part  have  made  room  for  themselves  by  replacing  the  country 
rock.  There  are  three  principal  veins  or  vein  systems,  spaced  about  a 
quarter  of  a  mile  apart.  The  northernmost  is  a  composite  vein  or  zone 
of  veins  in  granodiorite,  on  which  are  the  Shamrock,  Dewey,  Nancy 
Hanks,  and  Cascade  mines,  named  in  order  from  east  to  west.  In  ad- 
dition the  Spokane  vein  is  probably  in  the  westward  continuation  of 
the  zone,  and  the  veins  in  the  International  and  possibly  also  the 
Sierra  seem  to  be  parts  of  a  fringe  into  which  it  splits  on  the  east. 
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The  whole  zone,  which  for  convenience  is  referred  to  as  the  Nancy 
Hanks  zone  of  veins,  is  1^  miles  long.  In  the  middle  part  of  its  course, 
on  which  are  the  Dewey  and  Nancy  Hanks  mines,  the  zone  strikes  about 
east;  toward  the  ends  it  curves  to  the  north,  most  strongly  in  that 
part  east  of  the  Dewey.  So  far  as  known  the  zone  is  relatively  nar- 
row, and  few  of  the  larger  veins  within  it  depart  far  from  a  dip  of 
30°  N. 

As  a  rule  the  individual  veins  that  compose  the  zone  do  not  persist 
in  length  or  depth  more  than  a  few  hundred  feet.  Each  one  either 
ends  at  a  fault  or  splits  into  "  stringers,"  to  be  succeeded  by  another 
vein  a  few  feet  to  one  side  or  the  other.  These  characteristics  are 
well  shown  in  the  Dewey  and  Shamrock  workings.  (See  PI.  VIII 
and  fig.  20,  p.  186.)  The  width  of  the  individual  veins  ranges  from 
that  of  a  mere  seam  to  3  or  4  feet,  but  most  of  their  workable  portions 
are  from  1  to  3  feet  wide. 

South  of  the  Nancy  Hanks,  in  order,  are  the  Magone  &  Anderson 
and  Red  Cloud  veins,  each  following  a  bedding  plane  in  schist  or 
quartzite  that  strikes  northwest  and  dips  about  30**  N.  These  veins 
are  not  composite  like  the  Nancy  Hanks  zone,  and,  although  as  a  rule 
not  over  2  or  8  feet  wide,  each  persists,  except  for  interruptions  by 
faults,  a  distance  of  half  a  mile  or  more.  Two  profitable  mines  have 
been  opened  on  the  Magone  &  Anderson  vein,  and  the  Red  Cloud 
contains  the  principal  ore  bodies  that  have  been  worked  in  the  First 
Chance  Co.'s  property. 

Deformation. — Doubtless  the  fractures  of  the  Nancy  Hanks  zone 
were  originally  faults  and  there  is  no  apparent  reason  why  the  veins 
in  the  schist  and  quartzite  should  have  selected  any  particular  bcid- 
ding  planes  unless  those  planes  had  been  opened  by  faulting  or  simi- 
lar movements.  After  the  fracture  openings  were  filled  movements 
were  renewed  between  their  walls  in  the  Nancy  Hanks  zone,  severely 
crushing  the  ore  in  many  places.  The  veins  of  this  zone  are  also  cut 
by  transverse  and  strike  faults,  few  of  which,  however,  have  caused 
displacements  of  more  than  a  few  feet.  Available  evidence  indicates 
that  the  fault  movements  were  normal — ^that  is,  the  hanging  wall  has 
gone  down  relatively,  but  the  scratches  on  the  Walls  show  that  the 
movement  was  generally  oblique. 

Faults  are  less  numerous  in  the  Magone  &  Anderson  and  Red  Cloud 
veins  than  in  the  Nancy  Hanks  zone,  but,  as  a  rule,  the  displacement 
on  each  one  is  greater.  All  the  larger  faults  observed  strike  north- 
east, and  most  of  them  dip  steeply  to  the  northwest.  One  has 
dropped  the  Magone  &  Anderson  vein  200  feet  or  more  between  the 
workings  of  the  Magone  &  Anderson  mine  and  those  of  the  Grant  & 
Hartford.  Likewise,  the  Fourth  of  July  vein  appears  to  be  a  por- 
tion of  the  Red  Cloud  vein  that  was  faulted  down  several  hundred 
feet.    Small  northeast  faults  are  numerous  locally,  but  certain  parts 
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of  the  veins  several  hundred  feet  in  length  are  practically  undis- 
turbed. 

Ore  shoots. — Few  parts  of  the  veins  wide  enough  to  be  workable  are 
barren.  This  is  especially  true  of  the  middle  part  of  the  Nancy 
Hanks  zone,  where  practically  all  the  flat  lenslike  bodies  (fig.  19) 
that  make  up  the  veins  may  be  regarded  as  ore  shoots.  These  bodies 
are  generally  2  or  3  feet  wide  or  thick  and  from  25  to  50  feet  in 
breadth  and  length.  The  largest  one  reported,  the  **  red-ore "  shoot 
of  the  Nancy  Hanks  mine,  is  about  150  feet  in  stope  and  pitch  lengths 
and  2  or  3  feet  wide.  Most  of  the  shoots  pitch  slightly  westward. 
The  pinched  portions  which  occupy  about  as  much  of  the  fracture 
openings  as  the  swelled  portions,  or  lenses,  generally  contain  an  inch 
or  less  of  gouge  or  crushed  ore. 

As  a  rule,  the  wider  parts  of  the  Magone  &  Anderson  and  Bed 
Cloud  veins  are  rich  enough  to  be  considered  ore. 

Tenor. — ^Most  of  the  ore  from  Garnet  is  rich — a  condition  that 
allows  it  to  be  shipped  profitably  and  compensates  generally  for  the 
relative  narrowness  of  the  veins.    One  carload  of  oxidized  ore  from 
the  Tiger  mine  jnelded  at  the  rate  of  nearly  $500  a  ton,  a  large  amount 
of  $200  ore  was  produced  by  the  Nancy  Hanks,  and  rich  shipments  are 
reported  from  the  Crescent  and  Fairview  mines.    The  general  run 
of  the  ore,  however,  averages  much  less,  the  lots  mentioned  being 
exceptional  and  obtained  mainly  from  the  oxidized  zone.    Sulphide 
ores  from  the  Nancy  Hanks  zone  generally  run  about  $80  a  ton,  of 
which  80  to  90  per  cent  is  in  gold  and  the  remainder  in  copper  and 
silver.    Information  concerning  the  relative  tenor  of  the  oxidized 
and  sulphide  ores  of  the  Magone  &  Anderson  vein  is  not  available. 
Most  of  the  ore  produced  was  oxidized,  and  the  average  of  all  the 
ore  shipped  is  said  to  be  about  $60  a  ton.    Not  including  some  ex- 
ceptionally rich  lots,  the  oxidized  ore  mined  from  the  Red  Cloud 
vein  averaged  $20  to  $35  a  ton,  and  the  sulphide  ore  remaining  is 
estimated  by  competent  engineers  to  average  between  $15  and  $25  a 
ton.    In  both  the  Magone  &  Anderson  and  the  Red  Cloud  veins 
copper  and  silver  are  proportionately  less  abundant  than  in  the 
Nancy  Hanks,  although  this  statement  may  not  hold  strictly  true 
for  the  lower  levels  in  the  Red  Cloud,  from  which  some  specimens 
rich  in  tetrahedrite  are  said  to  have  come.    Thus  from  north  to  south 
there  appears  a  progressive  general  decrease  in  the  richness  of  the 
ore,  but  the  Magone  &  Anderson  and  Red  Cloud  veins  are  perhaps  as 
profitably  exploited  as  the  Nancy  Hanks,  because  their  ore  bodies 
are  larger  and  more  favorably  situated  for  mining  through  adit 
levels. 

Minerdogy. — Quartz  generally  forms  50  to  90  per  cent  or  more 
of  the  vein  material,  though  exceptionally  it  may  be  less  in  amount 
than  the  other  minerals  combined.    Barite  is  widely  but  irregularly 
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distributed  and  is  generally  coarse  textured,  showing  characteristic 
large  cleavage  faces..  A  carbonate  of  calcium,  magnesium,  and  iron, 
apparently  the  mineral  ankerite,  is  found  in  many  of  the  veins,  par- 
ticularly those  in  quartzite  and  schist,  but  it  ranges  in  color  from  white 
to  pale  yellow  or  brown  and  doubtless  is  not  of  uniform  composition. 
Calcite  occurs  in  subordinate  amounts  associated  with  the  ankerite. 

The  principal  ore  minerals  are  pyrite,  tetrahedrite  (gray  copper), 
chalcopyrite,  and  galena  or  their  oxidation  products.  All  are  widely 
distributed,  and  pyrite,  as  usual,  is  found  everywhere  in  the  veins  and 
is  generally  the  most  abundant  of  the  sulphide  minerals.  It  occurs  as 
massive,  rather  coarse  textured  aggregates  and  disseminated  crystals 
and  grains  of  various  sizea  Tetrahedrite  is  not  uniformly  dis- 
tributed, commonly  occurring  in  irregular  bunches,  and  it  is  rather 
more  abundant  in  the  Nancy  Hanks  zone  than  in  the  other  lodes. 
Galena  and  chalcopyrite  are  less  common  than  tetrahedrite  and  are 
likewise  of  irregular  distribution. 

Of  somewhat  rare  and  exceptional  occurrence  are  tellurides  of 
gold,  silver,  and  bismuth,  found  in  the  Fairview  mine,  and  molybde- 
nite, observed  in  some  of  the  mines  as  thin  films  on  seams  in  the  wall 
rocks. 

In  the  oxidized  zone  native  gold  is  commonly  embedded  in  grains 
of  limonite  that  were  derived  from  pyrite.  Gold  inclosed  in  pure 
quartz  was  seen  in  a  few  specimens,  one  of  which  contained  the  tel- 
lurium minerals  mentioned  above.  By  far  the  most  of  the  gold  and 
part  of  the  silver  appears  to  have  been  brought  into  the  veins  and 
deposited  with  the  pyrite  and  probably  also  with  the  chalcopyrite. 
The  sulphides  later  deposited,  particularly  the  tetrahedrite,  have 
added  some  silver  but  practically  no  gold.  As  would  be  expected 
from  the  abundance  of  pyrite  in  the  sulphide  zone,  the  oxidized  por- 
tions of  the  veins  contain  much  limonite.  Copper  stains  appear  here 
and  there,  a  little  antimony  ocher  occurs  in  places,  and  rarely  manga- 
nese stains  may  be  seen. 

Some  interesting  and  important  relations  of  the  vein  minerals  to 
one  another  are  very  plainly  shown.  The  first  minerals  that  came 
into  the  veins  were  quartz,  barite,  and  pyrite,  all  of  which  crystal- 
lized at  the  same  time.  Calcite  and  ankerite  were  then  deposited, 
filling  such  spaces  as  were  left  by  the  other  minerals  and  also  making 
additional  room  for  themselves  by  replacing  the  wall  rocks.  Chal- 
copyrite and  a  little  pyrite  seem  to  have  come  in  later,  and  the 
tetrahedrite  and  galena,  accompanied  by  new  quartz,  clearly  were 
introduced  last,  filling  small  cracks  in  the  older  minerals  and  replac- 
ing them,  particularly  the  pyrite.  Although  tetrahedrite  and  galena 
occur  in  the  same  veins,  they  were  not  seen  in  actual  contact,  and  their 
order  of  deposition  was  not  made  out 
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OxidcUion  and  enrichment. — For  the  most  part  oxidation  is  par- 
tial or  complete  down  to  a  surface  that  rises  gradually  away  from 
the  natural  drainage  lines.  In  the  immediate  vicinity  of  Garnet  the 
greatest  depth  of  oxidized  ore  is  about  75  feet.  Farther  away,  whei*e 
the  gulches  are  deeper,  oxidation  may  descend  200  or  300  feet.  As 
usual,  however,  grains  of  tlie  sulphides  completely  surrounded  by 
quartz  may  be  found  anywhere,  even  at  the  surface.  The  oxidized  ore 
is  porous,  generally  consisting  of  "  honeycomb  "  quartz  and  earthy 
iron  oxides.  As  a  rule  it  is  two  or  three  times  as  rich  in  gold  as  the 
corresponding  sulphide  ore  below,  a  condition  brought  about  by  the 
solution  and  removal  of  valueless  material.  On  the  other  hand,  it  has 
lost  more  or  less  of  the  copper,  lead,  and  silver,  which  have  been 
leached  out  and  either  scattered  or  carried  below.  No  downward  en- 
richment of  any  importance  seems  to  have  taken  place,  however. 

Genesis  and  oonclusians. — ^The  veins  as  described  are  similar  to 
those  generally  regarded  as  the  effects  of  granitic  intrusion.  Their 
mineralogy  and  geologic  relations  suggest  that  they  were  formed  at 
moderate  to  shallow  depths  by  heated  solutions  given  off  from  the 
granodiorite.  The  later  generation  of  minerals,  which  includes  the 
tetrahedrite,  is  doubtless  related  to  a  younger  variety  of  the  grano- 
diorite or  possibly  to  some  other  intrusive  body  not  exposed  at  the 
surface.  In  any  event  the  minerals  came  from  below — ^a  fact  that 
warrants  belief  in  the  persistence  of  good  ore  below  the  limits  of  the 
present  workings.  At  Coloma,  2^  miles  away,  there  is  some  evidence 
to  indicate  that  veins  situated  similarly  to  the  Nancy  Hanks  become 
lean  in  gold  at  a  depth  of  about  700  feet  below  the  general  summit 
level.  Whether  or  not  the  veins  at  both  places  were  formed  under  ex- 
actly the  same  conditions  can  not  be  said,  but  the  localities  are  near 
together  and  doubtless  their  histories  are  not  very  dissimilar.  These 
veins  are  in  granodiorite.  The  veins  in  quartzite  and  schist  were 
probably  formed  under  different  conditions,  being  apparently  farther 
away  from  the  source  of  their  minerals  and  probably  not  subject  to 
the  same  limitations.  These  considerations  do  not  apply  to  the  tetra- 
hedrite and  the  other  minerals  of  a  late  generation,  which  for  all  that 
could  be  learned  may  continue  downward  indefinitely. 

Whether  or  not  copper  will  become  more  abundant  in  depth  is 
an  interesting  speculation.  In  the  mines  that  have  the  most  complete 
records  slight  increases  in  copper  are  generally  shown  in  ore  from 
the  lower  levels,  but  this  may  be  due  to  the  fact  that  shipments  from 
the  higher  levels  contained  oxidized  ore. 

Although  the  veins  at  Garnet  are  too  small  to  warrant  large  capi- 
talization or  heavy  investments  in  advance  explorations,  new  work 
on  a  larger  scale  than  heretofore  may  be  undertaken  with  reasonable 
confidence.    Considerable  parts  of  the  veins  within  the  general  area 
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of  rich  mineralization,  particularly  the  Nancy  Hanks  zone,  are  unex- 
plored beyond  shallow  depths.  Several  claims  at  Garnet  that  were 
not  examined  are  in  or  near  the  mineral-bearing  area,  and  some  of 
them  will  doubtless  be  developed  into  productive  mines  in  the  future. 
In  the  light  of  all  that  was  learned  the  opinion  is  ventured  that  the 
Garnet  district  will  continue  to  be  productive  for  a  long  time. 

KIVEB  AVD  PB0BFE0T8. 
J.  L.  TEMPIJSKAN  CO. 

A  group  of  mines  that  includes  the  Dewey,  Tiger,  Nancy  Hanks, 
Cascade,  and  Spokane  is  (September,  1916)  under  bond  and  lease 
to  J.  L.  Templeman  and  others,  who  have  operated  the  Dewey  con- 
tinuously since  February,  1915.  Except  the  Tiger,  the  mines  named 
are  along  the  Nancy  Hanks  zone  or  vein  system,  a  single  vein  or 
zone  of  closely  related  veins  that  extends  from  the  town  of  Garnet 
westward  a  mile  or  more. 

Dewey. 

The  Dewey  mine  is  on  the  gentle  slope  west  of  Williams  Gulch, 
about  a  quarter  of  a  mile  northwest  of  the  main  part  of  the  town 
of  Garnet.  During  1915  and  1916  it  was  operated  under  the  direction 
of  J.  G.  Klenze  and  produced,  in  round  figures,  $100,000  gross.  Gold 
contributed  slightly  more  than  nine-tenths  of  this  sum,  and  copper 
and  silver  about  equal  portions  of  the  remainder.  The  ore  was 
shipped  to  the  Washoe  sampler  at  Butte,  and  yielded  an  average  of 
$74  a  ton. 

Prior  to  1915  the  Dewey  was  worked  by  S.  I.  Ritchey  and  others, 
and  contributed  largely  to  the  prosperity  of  the  camp.  The  amount 
of  this  early  production,  whatever  it  may  be,  is  included  in  the  total 
given  for  the  Nancy  Hanks. 

The  principal  workings  are  an  incline  400  feet  deep  that  slopes 
northward  at  an  average  angle  of  47^,  and  several  levels  that  aggre- 
gate 1,000  feet  or  more  (PI.  VIII,  p.  186) ;  the  lowest,  or  "400  level," 
is  about  275  feet  vertically  below  the  surface.  Underground  connec- 
tions are  made  with  a  shaft  200  feet  to  the  east  and  with  the  Nancy 
Hanks  workings,  about  an  equal  distance  to  the  west. 

The  Dewey  vein  has  an  average  strike  of  N.  75°  E.  and  a  dip  of 
about  35°  N.  It  shows  no  signs  of  failing  at  a  depth  on  the  slope  of 
400  feet  and  probably  extends  a  long  distance  along  the  strike.  Ow- 
ing to  displacements  by  faults  and  the  limits  of  the  development 
workings  the  vein  is  difficult  to  identify  as  an  individual  fracture  for 
more  than  200  feet  east  of  the  incline.  To  the  west,  however,  it  is 
said  to  be  identical  with  the  Nancy  Hanks  vein.  In  width  the  vein 
ranges  from  a  mere  seam  to  3  or  4  feet.    It  consists  of  a  series  of 
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ccHinected  irregular,  Rat  lenses,  of  which  the  principal  ones  are  from 
25  to  50  feet  in  diameter  and  average  2  or  3  feet  in  thickness.  The 
walls  are  well  defined  and  lined  with  a  soft  gouge  that  permits 
the  vein  rock  to  be  readily  separated  from  them.  On  the  400  level 
90  feet  east  of  the  incline  the  vein  splits  into  several  stringers  and 
becomes  lean. 

Fault  movements  since  the  vein  was  formed  have  been  widespread 
and  severe,  but  most  of  them  have  taken  place  parallel  to  the  plane 
of  the  vein  and  have  therefore  not  shifted  it.  Nearly  everywhere 
the  vein  shows  some  effects  of  squeezing;  in  places  it  is  crushed  to  a 
fine  sand  and  its  component  minerals  ground  together.  (See  6g.  17.) 
Apparently  the  pinched  or  narrowed  portions  are  largely  the  result 
of  movement  of  the  walls  under  pressure.  To  a  considerable  distance 
frwn  the  vein  the  wall  rocks  themselves  are  more  or  less  crushed  or 
schistose  and  cut  by  networks  of  curved  fractures  and  slips.    There 
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are  also  some  larger  faults  and  fault  zones,  the  principal  ones  of 
which  strike  about  parallel  with  the  vein  but  dip  more  steeply. 
Those  that  cut  the  vein,  however,  displace  it  but  a  few  feet,  and  the 
fault  movement  appears  to  have  varied  from  place  to  place  or  to 
have  been  shifted  from  one  fracture  to  another.  Other  faults  that 
show  a  wider  range  in  strike  and  dip  cross  the  vein,  but  the  disloca- 
tions they  have  caused  are  generally  trifling. 

Next  to  the  vein  the  walls  have  been  altered  to  a  greenish-gray 
rock  softer  than  the  fresh  granodiorite  and  scantily  sprinkled  with 
fine  grains  of  pyrite.  Under  the  microscope  the  lime-soda  feldspars 
are  seen  to  be  almost  wholly  changed  to  sericite,  chlorite,  and  calcite, 
parts  of  the  rims  only  remaining  fresh.  The  orthoclase  is  also  partly 
decomposed,  and  the  hornblende  is  completely  changed  to  a  fine- 
grained material  in  which  chlorite  is  abundant. 
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The  gouge  that  lines  the  vein  walls  is  generally  less  than  an  inch 
thick  and  is  composed  chiefly  of  sericite  and  finely  crushed  ore.  It 
ranges  from  light  gray  to  dark  greenish  gray  in  color,  a  dark  shade 
generally  indicating  a  considerable  amount  of  ground-up  sulphides. 

Where  the  vein  has  not  lost  its  original  features  it  shows  a  banded 
structure  rather  plainly  (fig.  18),  being  commonly  made  up  of 
two  or  more  layers  separated  by  thin  dark  partings  that  in  places 
swell  into  small  lenses  or  "  horses  "  of  country  rock.  The  texture  of 
the  vein  minerals  is  rather  coarse,  crystal  faces  or  cleavage  planes  an 
inch  or  two  across  being  common.  In  places  the  crystalline  structure 
is  at  right  angles  to  the  walls,  showing  that  open  spaces  have  been 
filled.  Commonly,  however,  the  structure  shows  no  definite  arrange- 
ment except  the  faint  outlines  of  masses  of  wall  rock  that  have  been 
replaced  hy  the  vein  minerals.  The  gangue  and  ore.  minerals  are 
all  more  or  less  intermingled,  but  usually  the  sulphides  are  concen- 
trated in  the  middle  of  the  vein  or  in  one  of  its  layers  (fig.  18). 
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In  the  lower  levels  the  vein  consists  of  quartz  and  barite  (heavy 
spar),  together  with  the  ore  minerals  pyrite,  tetrahedrite  (gray- 
copper),  and  chalcopyrite,  named  in  the  general  order  of  abun- 
dance. The  quartz,  barite,  and  pyrit«  are  intergrown  and  are  the 
first  minerals  that  formed  in  the  vein.  Quartz  is  the  most  abundant, 
making  up  generally  about  nine-tenths  of  tlie  vein  and  in  few 
places  less  than  half.  The  barite  forms  coarse  tabular  crystals  hut 
is  irregular  in  distribution,  being  obsent  for  considerable  distances. 
The  pyrite  is  widely  distributed  as  grains  and  "  cubes "  of  various 
sizes,  the  largest  an  inch  across,  some  of  which  are  completely  in- 
closed by  quartz  crystals.  Chalcopyrite  was  introduced  later;  it  re- 
places pyrite  in  part,  fills  small  cracks  in  the  barite,  and  is  of  sparse 
and  irregular  distribution.  Tetrahedrite,  which  is  of  wide  but  ir- 
regular occurrence,  replaces  both  pyrite  and  chalcopyrite  and  with 
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the  possible  exception  of  galena  was  the  last  mineral  that  came  into 
the  vein.  Galena  was  seen  in  ore  from  the  Nancy  Hanks  workings 
and  is  said  to  have  been  found  in  the  Dewey  also.  In  ore  from  the 
Red  Cloud  mine  it  was  observed  to  have  replaced  chalcopyrite,  but 
nowhere  was  its  age  relation  to  tetrahedrite  discovered.  Molybdenite 
was  seen  as  thin  films  on  slips  in  the  wall  rock  along  the  side  of  the 
vein  but  not  within  the  vein  itself. 

Above  the  100  level  the  Dewey  vein  is  partly  or  wholly  oxidized. 
Limonite  (hydrated  iron  oxide)  is,  as  usual,  the  most  abundant  of 
the  secondary  products,  copper  stains  are  rather  scanty,  and  man- 
ganese occurs  in  traces  only. 

Practically  all  of  the  vein  that  is  exposed  in  the  Dewey  workings 
has  proved  to  be  ore,  but  the  lenses  are  generally  richer  than  the 
pinches.  Considered  together  the  lenses  that  have  been  worked  in 
tiie  Dewey  form  an  irregular  ore  shoot  that  extends  from  a  point 
near  the  surface  down  400  feet  and  to  an  unknown  distance  farther. 
It  ranges  from  80  to  130  feet  in  width  and  has  a  slight  general  west- 
ward pitch. 

The  ore  extracted  so  far  has  contained  on  the  average  a  little 
more  than  3^  oimces  of  gold  and  6^  ounces  of  silver  to  the  ton  and 
2  per  cent  of  copper.  In  the  different  carload  lots  the  gold  ranges 
from  li  to  nearly  6  ounces  to  the  ton,  but  these  extremes  are  not  com- 
mon. Silver  likewise  holds  rather  steadily  to  the  average,  rarely 
showing  as  much  variation  as  6  ounces  to  the  ton.  Taken  in  the 
order  of  shipment,  which  is  said  to  correspond  with  the  progress  of 
mining  from  higher  to  lower  levels,  the  ore  shows  steady  and  strong 
increases  in  gold  and  silver  down  about  halfway,  beyond  which  there 
is  little  or  no  change— certainly  no  diminution.  There  is  close  corre- 
spondence between  the  variations  in  gold  and  silver  content,  an  in- 
crease or  decrease  in  one  being  followed  by  a  proportionate  change 
in  the  other. 

Copper  ranges  between  0.5  and  4  per  cent,  being  somewhat  erratic 
Jocally  but  showing  a  general  increase  with  depth.  There  is  abso- 
lutely no  relation  between  the  variation  in  tenor  of  copper  and  gold, 
but  the  records  of  the  adjoining  Nancy  Hanks  mine  and  assays  of 
specimens  from  the  Dewey  that  are  especially  rich  in  tetrahedrite 
show  that  marked  increases  in  the  amount  of  copper  are  promptly 
followed  by  an  increase  in  silver.  Neither  gold  nor  silver  in  the  free 
state  is  visible  in  the  sulphide  ore,  but  in  the  oxidized  ore,  particu- 
larly that  of  the  Nancy  Hanks  and  Cascade  mines,  native  gold  occurs 
in  iron  oxides  that  were  derived  at  least  in  part  from  the  oxidation 
of  pyrite.  The  conclusion  is  plain  that  the  gold  and  part  of  the 
silver,  together  with  the  pyrite,  were  introduced  into  the  vein  before 
the  tetrahedrite. 
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Whether  or  not  the  replacement  of  pyrite  by  tetrahedrite  hw 
been  accompanied  by  a  migration  of  gold  to  some  other  part  of  the 
vein  is  an  interesting  question  that  can  not  be  answered  at  present 
If  this  has  happened,  however,  a  decrease  in  gold  may  occur  in 
depth  should  the  tetrahedrite  increase,  but  the  value  of  the  additional 
copper  would  doubtless  oflFset  the  decrease  in  gold  and  the  ore  would 
continue  to  be  at  least  as  valuable  as  it  was  before. 

Nancy  Hanks. 

The  town  of  Garnet  was  first  brought  into  prominence  by  the  dis- 
covery of  a  rich  ore  shoot  in  the  Nancy  Hanks  vein  in  the  workings 
known  as  the  "  old  shaft,"  about  a  third  of  a  mile  northwest  of  the 
town.  Uncommonly  rich  placer  deposits  in  Williams  Gulch  were 
mined  clear  up  to  the  inconspicuous  outcrop  of  the  vein,  which  is 
said  to  have  been  discovered  and  located  by  S.  I.  Ritchey  in  1874.  No 
great  amount  of  development  work  was  done,  however,  until  1896, 

the  year  of  the  "  rich  strike "  of 
ore.    During  the  next  three  years 
the  mine  produced  shipping  ore 
continuously,    and   thereafter    it 
yielded  intermittently  until  1907. 
Except  for  a  little  gouging  here 
and  there  by  lessees,  the  mine  has   :,: 
been  idle  for  the  last  8   or  10   ,, 
years,  and  the  workings  are  out    '^ 
to     go    30    40    50  reel  ^    of  repair. 

FiouBB  10.— Diagrammatic  section  of  Nancy  Incomplete  rCCOrds   of  produc- 

Hanka  yein,  Garnet  Range.  Mont  ^^^^^  ^^ich  include  SOme  Ore  taken 

from  the  Dewey  prior  to  1915,  aggregate  nearly  $800,000.  Nine- 
tenths  or  more  of  this  sum  was  in  gold  and  the  remainder  in  copper 
and  silver.  The  value  of  the  ore  ranged  from  about  $40  to  $200  or 
more  a  ton,  but  most  of  the  shipments  did  not  vary  greatly  from  $92, 
the  average. 

Shafts  were  sunk  100  feet  deep  or  more  at  two  points.  One,  the 
''  old  shaft,"  is  about  200  feet  west  of  the  Dewey  incline  and  pene- 
trates the  same  or  a  very  closely  related  vein.  The  other,  the  Minnie 
Palmer  shaft,  is  600  feet  farther  west,  on  the  projected  continuation 
of  the  vein  worked  in  the  old  shaft.  Between  the  shafts  there  are 
several  surface  workings,  all  more  or  less  caved,  and  at  a  depth  of 
about  100  feet  drifts  were  run  east  and  west  from  the  old  shaft  and 
west  from  the  Minnie  Palmer  shaft,  the  principal  stopes  being  above 
these  levels.     (See  PI.  VII  and  fig.  19.) 

Most  of  the  Nancy  Hanks  production  came  from  stopes  west  of  the 
old  shaft.    The  locally  celebrated  "  red  ore  "  shoot  extended  from  a 
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point  near  the  surface  to  the  65-foot  level  on  a  slope  of  25°  and  is 
said  to  have  yielded  gold  at  the  rate  of  $200  or  more  to  the  ton*  At 
least  half  of  the  total  production  of  the  mine  is  estimated  to  have 
come  from  this  shoot,  which  is  described  as  a  tabular  body  165  feet 
long  and  from  1  to  8  feet  thick,  pitching  slightly  westward*  It 
pinched  out  below,  and  explorations  are  said  to  have  ceased  a  few 
feet  beyond  its  point  of  disappearance.  From  the  west  drift  at  the 
Minnie  Palmer  shaft  a  rich  ore  body  1  to  3  feet  thick  was  stoped  for 
a  length  of  50  feet  and  a  height  of  IS  feet. 

The  dimensions  of  other  ore  bodies  worked  from  the  old  shaft  were 
not  ascertained.  The  operators  are  said  to  have  been  discouraged 
from  deeper  explorations  by  the  idea  prevalent  at  the  time  that  the 
ore  bodies  were  superficial  and  that  the  first  pinch  ended  the  vein. 
Kecent  developments  in  the  Dewey,  however,  give  strong  encourage- 
ment for  deeper  exploration  along  the  whole  vein  system. 

Although  there  was  no  opportunity  to  study  the  Nancy  Hanks 
ore  in  place,  much  of  interest  was  learned  from  the  dumps  and  the 
smelter  records.  Ore  fragments  on  the  dump  of  the  old  shaft  are 
similar  to  ore  from  various  levels  of  the  Dewey.  Quartz  is  the  most 
abundant  gangue  mineral.  Barite  is  generally  present,  and  some  of 
the  oxidized  ore  shows  tabular  cavities  from  which  calcite  or  ankerite 
was  leached.  In  general  the  oxidized  ore  shows  abundant  limonite, 
both  as  earth  masses  and  as  ^^ cubes"  after  pyrite.  There  are  also 
some  green  and  blue  copper  carbonates,  a  little  antimony  ocher,  and 
rarely  &  little  manganese  stain«  In  the  sulphide  ore  pyrite  and 
tetrahedrite  are  abundant  and  chalcopyrite  subordinate.  Galena  oc- 
curs in  some  specimens,  filling  cracks  and  cavities  in  the  quartz  and 
replacing  pyrite.  The  tetrahedrite  of  the  Nancy  Hanks  ore,  like 
that  in  the  Dewey,  replaces  the  other  sulphides  except  galena,  to 
which  its  relations  could  not  be  made  out.  Some  of  the  ore  is  dis- 
tinctly banded,  showing  a  replacement  of  the  wall  rocks. 

Except  local  bunches  of  limestone  that  occur  as  inclusions,  the  wall 
rock  of  the  Nancy  Hanks  vein  is  granodiorite,  altered  similarly  to 
that  of  the  Dewey.  The  limestone  inclusions  are  dolomitic,  have 
been  recrystaUized,  and  are  streaked  green  with  chlorite^  They  are 
also  cut  by  veinlets  of  secondary  calcite  which  contain  a  little  pyrite 
and  galena.  Ore  from  the  Minnie  Palmer  shaft  shows  pyrite,  chal- 
copyrite, and  tetrahedrite,  named  in  the  order  of  their  genesis.  Fine 
particles  of  gold  are  visible  in  the  limonite  of  the  oxidized  ore,  par- 
ticularly the  cubelike  grains  derived  from  pyrite. 

Smelter  returns  from  carload  lots  of  the  Nancy  Hanks  ore  give  the 
history  of  the  mine  in  a  general  way  from  1897  to  1903.    For  a  time 

the  ore  ran  about  8  ounces  of  gold  to  a  ton  and  but  a  trace  of  copper. 

This  represents  the  bonanza  "  red  ore  "  shoot.    As  is  to  be  expected 
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in  oxidized  ores,  the  silver  was  variable,  ranging  from  4  to  28  ounces 
a  ton.  Then  followed  a  few  rather  lean  shipments  that  doubtless 
represpiit  gleanings  from  the  dumps  and  stopes,  succeeded  by  ship- 
ments, probably  in  part  from  the  Dewey,  that  show  the  gold  reduced 
by  half  but  some  copper  always  present  and  the  silver  less  variable 
than  before.  In  general  the  copper  was  3  or  4  per  cent,  the  silver 
about  10  ounces  to  the  ton,  and  the  gold  about  4  ounces.  Some  of 
the  lots  contained  from  5  to  12  per  cent  of  copper.  Invariably  these 
lots  show  increases  in  silver  that  range  from  4  to  18  ounces  to  the  ton, 
and  many  but  not  all  of  them  show  a  marked  falling  off  in  goM. 
After  1899  there  were  intermittent  shipments  that  show  many  fluc- 
tuations in  value  and  are  said  to  be  made  up  of  the  ore  searched  out 
here  and  there  from'  the  dumps  and  stopes  by  lessees.  No  separate 
record  of  ore  taken  from  the  Minnie  Palmer  shaft  is  available,  but 
some  of  it  is  said  to  have  been  of  very  high  grade.  Ton  for  ton 
there  was  about  twice  as  much  gold  in  the  red  ore  as  in  the  sulphide 
ore,  a  condition  doubtless  caused  by  the  oxidation  of  the  heavy  sul- 
phide minerals  and  the  leaching  away  of  valueless  material.  There 
is  no  evidence  to  suggest  that  the  gold  was  increased  by  downward 
enrichment. 

Little  or  no  exploration  is  understood  to  have  been  done  in  the 
Nancy  Hanks  below  a  depth  of  100  feet,  and  some  portions  of  the  vein 
are  hardly  opened  below  the  surface.  That  other  ore  shoots  are  to  be 
found  is  but  a  reasonable  inference,  considering  the  persistence  of  the 
vein  or  zone,  the  large  part  of  it  that  is  unexplored,  especially  in 
depth,  and  the  fact,  as  shown  by  the  Dewey,  that  deep  as  well  as 
superficial  ore  bodies  exist. 

Cascade. 

The  Cascade  mine  is  in  a  basin  at  the  head  of  Keams  Gulch  about 
three-quarters  of  a  mile  west-northwest  of  Garnet  and  half  a  mile 
west  of  the  Nancy  Hanks.  About  $6,000  worth  of  ore  is  said  to  have 
been  produced  from  stopes  above  the  upper  tunnel  and  pits  along  the 
oufcrop.  In  1916,  under  a  lease,  some  development  work  was  being 
done  by  S.  I.  Eitchey  in  an  east  drift  from  the  lower  tunnel.  The 
principal  workings  are  two  adit  levels  (PI.  VII),  at  elevations  of 
5,870  and  5,950  feet  above  the  sea,  that  correspond  respectively  in 
height  with  the  300  and  150  foot  levels  in  the  Dewey.  The  lower  adit 
is  driven  southward  400  feet  in  gi'anodiorite,  and  50  feet  in  limestone 
and  after  crossing  a  dike  of  granodiorite  ends  in  shale.  An  east  drift 
300  feet  long  in  part  follows  the  dike,  and  a  west  drift  leaves  the 
adit  100  feet  nearer  the  portal,  goes  through  granodiorite,  and  ends 
in  limestone.  On  the  surface,  above,  granodiorite  only  is  exposed, 
therefore  the  limestone  and  shale  penetrated  below  are  regarded  as 
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fragments  suspended  in*  the  intrusive  body.  The  limestone  is  coarsely 
recrystallized  and  streaked  and  stained  green  with  chlorite. 

Along  the  west  drift  there  is  a  vein  from  2  to  18  inches  in  width 
that  has  yielded  a  little  rather  lean  ore  but  is  not  persistent  and  is 
for  the  most  part  filled  with  barren-looking  quartz.  The  vein  strikes 
N.  66®  W.  and  dips  30^-40°  K,  and  the  quartz  is  badly  crushed  in 
places  by  postmineral  movement. 

At  the  face  of  the  east,  drift  in  granodiorite  there  is  a  vein  that 
strikes  N.  75°  W.,  pitches  steeply  north,  and  carries  18  inches  of  good- 
looking  ore.  The  footwall  is  well  defined,  but  the  north  or  hanging 
wall  is  so  extensively  altered  and  cut  by  quartz  stringers  that  it  is 
difficult  to  separate  country  rock  from  the  vein.  The  granitic  texture 
of  the  altered  rock  is  faintly  preserved,  but  its  original  minerals  have 
been  largely  replaced  by  sericite  and  quartz,  and  it  contains  a  little 
pyrite  and  iron  oxides  and  a  greenish-yellow  stain  that  is  probably 
copiapite,  a  hydrated  sulphate  of  iron.  At  a  distance  of  4  feet  lime- 
stone comes  in  beyond  a  slip  that  is  parallel  with  the  vein. 

The  ore  consists  of  rather  coarse  vein  quartz  that  contains  scattered 
grains  of  pyrite,  chalcopyrite,  and  tetrahedrite,  most  of  which  are 
partly  or  wholly  oxidized.  The  tetrahedrite  fills  cracks  and  cavi- 
ties in  quartz  and  penetrates  chalcopyrite  in  a  network  of  veinlets. 
Fine  particles  of  gold  can  be  seen  in  the  oxidized  pyrite  or  "  cube 
iron,"  and  the  ore  is  evidently  of  good  grade.  Small  amounts  of 
malachite  and  chrysocolla  occur  in  cracks  and  cavities. 

The  upper  tunnel  was  not  entered.  Its  dump  and  those  of  some 
shallow  workings  along  the  outcrop  show  fragments  of  ore  similar 
to  that  in  the  lower  tunnel  except  that  it  is  completely  oxidized. 
Many  of  the  limonite  pseudomorphs,  or  grains  of  "cube  iron,"  as 
they  are  generally  known,  preserve  perfectly  the  crystal  form  of 
pyrite,  even  showing  fine  striations.  The  fact  that  gold  occurs  rather 
generally  in  these  pseudomorphs  and  is  rarely  seen  in  other  associa- 
tions is  strong  evidence  that  it  was  brought  into  the  vein  with  the 
pyrite.  "Cube  iron"  is  generally  considered  a  trustworthy  indica- 
tion of  good  ore  in  the  Garnet  district. 

Spokane. 

The  Spokane  mine  is  in  a  shallow  basin  at  the  head  of  Kearns 
Gulch,  about  a  mile  northwest  of  Garnet  and  half  a  mile  beyond  the 
Cascade.  A  small  production  of  rich  ore  similar  to  that  of  the 
Cascade  and  estimated  to  have  yielded  $3,000  is  reported.  The  work- 
ings were  not  accessible  for  examination  in  1916,  but  the  vein  is  said 
to  strike  a  little  west  of  north  and  to  dip  60®  N.  Its  position  and 
alignment  suggest  it  to  be  a  part  of  the  Nancy  Hanks  vein  system. 

82153°— IS-Birll.  660 13 


186         CONTBIBUTIONS  TO  ECONOMIC  GEOLOGY,  1917,  PART  I. 

SHAMBOCK. 

The  Shamrock  mine  is  on  the  east  side  of  Williams  Gulch  opposite 
the  Dewey  and  about  600  feet  distant.  It  was  closed  in  1916  and 
had  not  been  operated  for  two  or  three  years,  the  last  work  having 
been  done  by  lessees.  No  certificates  of  ore  shipments  were  seen,  but 
a  production  of  more  than  $100,000  is  reported.  The  workings  were 
not  entered,  but  their  details,  including  the  geology,  are  shown  by 
some  excellent  maps  made  for  former  operators  by  Billingsley  & 
Grimes.  The  entry  is  an  incline  350  feet  deep  on  a  slope  of  32°,  and 
the  levels  aggregate  1,200  feet  or  more  in  length.  (See  PL  VIII.) 
A  branching  vein  with  an  average  northeast  strike  has  produced  ore 
similar  to  that  of  the  Dewey.  It  is  clearly  a  continuation  of  the 
same  belt  of  fractures  to  which  the  Dewey  belongs,  although  the  par- 
ticular vein  worked  in  each  is  probably  not  the  same.  To  the  north- 
east the  Shamrock  vein,  like  the  Dewey,  on  the  400  level  east,  shows 

Si^rface 

/    /:^ — 7t 

65'uyeL 


sso'Lcyci. 


Figure  20. — Cross  section  of  Shamrock   mine,   Garnet  Range,   Mont. 

a  tendency  to  "  stringer  out."  Faults,  the  largest  of  which  is  nearly 
parallel  to  the  vein  in  strike  but  pitches  more  steeply,  displace  the 
vein  a  few  feet.     (See  fig.  20.) 

INTERNATIONAL. 

The  International  mine  is  about  a  quarter  of  a  mile  north  of  the 
center  of  Garnet  and  adjoins  the  Shamrock  on  the  east.  It  is  devel- 
oped by  a  shaft  reported  to  be  100  feet  deep  and  by  levels  that  were 
not  accessible  for  examination  in  August,  1916. 

Two  or  more  small  veins  that  have  a  northeast  strike  parallel  with 
the  Shamrock  are  reported  to  have  been  developed  and  to  have 
yielded  rich  oxidized  ore.  Smelter  certificates  of  intermittent  ship- 
ments during  the  period  1910-1914  amount  to  about  $9,000.  The 
"^Id  content  ranged  generally  from  4  to  8  ounces  and  the  silver  from 
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5  to  10  ounces  a  ton.    Copper  was  absent  from  some  shipments  and 
present  in  very  small  amounts  only  in  the  others. 

A  specimen  of  ore  from  the  International  shows  flake  or  leaf  gold 
embedded  in  limonite. 

TIOKB. 

The  Tiger  mine,  a  quarter  of  a  mile  west  of  Garnet  and'a  short 
distance  south  of  the  Nancy  Hanks,  is  developed  by  several  short 
inclines  and  open  cuts,  only  portions  of  which  were  examined.  The 
formation  is  limestone,  that  has  been  recrystallized  to  a  rather  coarse 
white  marble  and  in  places  changed  to  garnet  rock  and  homstone 
by  the  heat  and  vapors  given  off  by  the  adjacent  granodiorite  body. 
Smelter  returns,  said  to  be  incomplete,  show  a  production  of  $23,000. 
One  carload  that  averaged  22^  ounces  of  gold  and  25  ounces  of 
silver  a  ton  was  the  richest  single  shipment  made  from  the  camp. 
Persons  familiar  with  the  mine  estimate  its  total  production  at 
^0,000. 

The  ore  bodies  occur  along  a  fracture  that  strikes  north-northeast, 
dips  west  at  a  low  angle,  and  is  not  known  to  continue  beyond  the 
contact  into  the  granodiorite.  The  owners'  maps  show  the  outlines 
of  the  stopes  (PI.  VII,  p.  182),  which  are  said  to  have  been  irregular 
in  width  but  generally  narrow.  No  specimens  of  the  ore  were  seen, 
but  it  is  said  to  be  oxidized  and  similar  in  appearance  to  that  from 
the  "  red  ore "  shoot  of  the  Nancy  Hanks.  At  a  depth  of  about  90 
feet  the  ore  is  said  to  have  ended  at  a  broken  zone  or  fault  having  a 
northeast  trend. 

A  small  production  of  medium-grade  ore  is  reported  from  the 
Sierra  mine,  half  a  mile  north  of  Garnet,  in  the  granodiorite  area. 
The  workings  consist  of  two  adits  and  an  incline,  said  to  be  280  feet 
deep,  only  the  upper  portion  of  which  was  accessible  in  1916.  The 
vein  strikes  north,  dips  30°  W.,  is  1  to  2  feet  wide,  and  extends  at 
least  500  feet  horizontally  but  is  said  to  be  pinched  out  in  depth. 
Oxidized  ore  only  was  seen  in  the  upper  workings,  but  considerable 
sulphide  ore  that  probably  came  from  the  deeper  levels  is  scattered 
over  the  dumps.  In  general,  this  ore  consists  of  coarse-textured 
quartz,  calcite,  and  either  ankerite  or  a  similar  mixture  of  the  car- 
bonates of  calcium,  magnesium,  and  iron,  together  with  pyrite  and 
tetrahedrite.  As  is  usual  in  the  district,  the  tetrahedrite  replaces 
the  pyrite  in  part  and  is  the  youngest  of  the  vein  minerals  that  were 
introduced  from  below.  The  oxidized  ore  contains  much  limonite 
and  a  little  copper  stain. 
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QBANT  A  HABTFOBD. 

The  Grant  &  Hartford  mine  is  a  quarter  of  a  mile  south  of  Garnet, 
the  stage  road  down  First  Chance  Gulch  passing  under  the  trestle 
that  supports  the  car  track  between  the  main  adit  level  and  its  dump. 
In  addition  to  this  working,  which  extends  eastward  into  the  Magone 
&  Anderson  ground  (PL  IX),  there  is  a  winze,  with  short  levels, 
said  to  be  sunk  200  feet  on  the  vein,  and  an  adit  level  on  the 
west  side  of  the  gulch,  none  of  which  was  accessible  for  examina- 
tion in  1916.  Most  of  this  work  was  done  prior  to  1910,  and  a  pro- 
duction estimated  at  $30,000  is  said  to  have  come  mainly  from  the 
winze  levels.  During  1912  and  1913  the  main  adit  was  used  for  ex- 
tracting ore  from  the  Magone  &  Anderson  mine. 

The  country  rock  is  quartzite  and  schist  that  strike  about  east, 
have  an  average  dip  of  30°  N.,  and  show  abimdant  fine  mica  and 
small  knots  that  under  the  microscope  prove  to  be  cordierite.  Ex- 
cept where  it  cuts  across  a  small  dike  of  granodiorite  the  vein  occu- 
pies a  bedding  plane  and  ranges  from  6  inches  to  2  feet  in  width. 
Beyond  200  feet  from  the  portal  of  the  main  adit  the  vein  is  lost  in 
a  northeasterly  fault  zone,  but  it  reappears  farther  east  in  the  Magone 
&  Anderson  zone. 

In  the  main  adit  level  the  vein  is  composed  of  quartz,  barite,  anker- 
ite,  calcite,  and  pyrite,  or  its  oxidation  products.  The  pyrite  is  dis- 
seminated irregularly  but  in  places  is  massed  in  the  middle  or  on 
one  side  of  the  vein  to  a  thickness  of  several  inches. 

Oxidized  ore  from  small  stopes  above  the  main  level  is  said  to  have 
contained  from  IJ  to  5  ounces  of  gold  and  about  an  equal  amount  of 
silver  to  the  ton.  From  the  winze  levels  sulphide  ore  of  about  the 
same  tenor  is  said  to  have  been  obtained,  the  shape  of  the  ore  bodies 
being  that  of  small  flat  lenses  3  feet  in  maximum  thickness. 

Locally  the  wall  rock  is  replaced  by  ankerite  and  calcite,  and  fine 
grains  of  pyrite  are  generally  distributed  through  it. 

^AQONE  &  ANDEBSOX. 

The  Magone  &  Anderson  mine  is  east  of  the  Grant  &  Hartford  and 
about  a  quarter  of  a  mile  southeast  of  Garnet.  Considerable  work 
was  done  on  this  property  before  1910,  but  its  most  productive  period 
was  the  three  years  following. 

Incomplete  records  show  about  2,600  tons  of  ore  are  shipped  that 
is  said  to  have  averaged  $60  a  ton,  making  a  total  of  over  $150,000. 
In  addition  about  $15,000  worth  of  ore,  said  to  have  been  mainly 
sorted  from  the  dumps,  was  shipped  in  1914,  and  persons  familiar 
with  the  mine  estimate  its  total  yield  at  $300,000  or  more.  Smelter 
certificates  for  the  1914  shipments  show  from  half  an  ounce  to  5^ 
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ounces  of  gold  and  one-tenth  of  an  ounce  to  6^  ounces  of  silver  to 
the  ton.  Most  of  the  lots  contained  a  little  copper,  generally  less 
than  1  per  cent. 

The  main  adit  level  of  the  Grant  &  Hartford  mine  extends  east 
into  the  Magone  &  Anderson  ground  1,000  feet  or  more  and  was  used 
as  the  main  working  entry  for  that  property  during  its  later  period 
of  activity.  At  a  level  about  80  feet  higher  there  is  a  cross  cut  known 
as  the  Magone  &  Anderson  tunnel  No.  5,  driven  south  600  feet  to  the 
vein.  There  are  drifts  from  No.  5,  and  the  vein  has  also  been  worked 
through  several  higher  adit  levels. 

The  country  rock  is  of  the  same  character  and  structure  as  in  the 
Grant  &  Hartford.  Tunnel  No.  5  begins  in  granodiorite  and  passes 
through  a  contact  shatter  zone  100  feet  wide,  in  which  the  schist  is 
broken  into  angular  blocks  of  various  sizes  wedged  apart  by  dikes 
of  the  intrusive  rock.  To  a  considerable  distance  beyond  this  zone 
the  rocks  are  intensely  metamorphosed,  but  their  sedimentary  origin 
is  plainly  evident. 

Throughout  the  Magone  &  Anderson  ground  the  vein  lies  in  a  bed- 
ding plane  which  strikes,  in  general,  a  little  north  of  west  and  dips 
about  30°  N.  Except  that  its  continuity  is  interrupted  by  a  fault 
zone  near  the  west  end  of  the  Magone  &  Anderson  claim,  the  vein  is 
known  to  persist  for  a  horizontal  distance  of  at  least  1,500  feet.  The 
lowest  working  in  the  vein  is  the  Grant  &  Hartford  winze,  200  feet 
below  the  creek.  Levels  carried  into  the  Magone  &  Anderson  ground 
from  the  Grant  &  Hartford  tunnel  reach  a  depth,  measured  on  the 
dip  of  the  vein,  of  500  feet  below  the  surface. 

The  fault  zone,  which  has  a  width  of  100  feet  or  more,  crosses  the 
vein  obliquely  from  southwest  to  northeast  and  shifts  it  to  the  north. 
The  principal  slip  planes  pitch  from  35°  to  75°  NW.  and  are  lined 
with  thick  layers  of  gouge,  and  altogether  the  horizontal  displace- 
ment of  the  vein  at  any  given  level  amounts  to  about  200  feet. 

East  of  the  fault  zone  is  a  series  of  stopes  on  lenses  that  are  con*- 
nected  by  narrow  or  lean  portions  of  the  vein;  considered  together 
the  lenses  form  a  thin  tabular  body  from  100  to  300  feet  in  stope 
length  and  500  feet  in  pitch  length. 

The  vein  filling  normally  consists  of  quartz,  barite,  ankerite,  and 
caJcite  in  varying  proportions,  throug^i  which  grains  and  masses  of 
sulphide  minerals  are  scattered.  A  banded  structure  is  common, 
showing  partial  or  complete  replacement  of  schist  by  the  vein  min- 
erals. Pyrite,  which  occurs  as  crystals  and  irregular  grains  inter- 
grown  with  the  quartz,  is  the  most  abundant  sulphide.  Tetrahedrite 
is  rather  sparingly  and  irregularly  distributed,  and  without  excep- 
tion has  replaced  pyrite  or  some  other  vein  mineral. 

The  lower  limit  of  oxidation  rises  very  slowly  eastward,  the  bulk 
of  the  ore  above  the  creek  level  being  partly  or  wholly  oxidized. 
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FIB8T  CHANCE  MINING  GO. 

Several  claims  about  half  a  mile  south  of  Garnet  that  have  been 
worked  by  the  First  Chiance  Mining  Co.  are  generally  known  as  the 
Mitchell  &  Mussigbrod  mines.  The  most  extensive  workings  are  on 
the  Red  Cloud  and  Lead  King  claims,  situated,  respectively,  on  the 
east  and  west  sides  of  First  Chance  Gulch.  A  large  amount  of  work 
has  also  been  done  on  the  Crescent,  Fairview,  Fourth  of  July,  and 
several  other  claims. 

On  the  stage  road  from  Bearmouth  to  Garnet  the  Lead  King  is 
the  first  quartz  mine  to  be  seen,  the  dumps  from  its  several  adit  levels 
forming  conspicuous  long  slides  on  the  slope  above  the  stream. 

As  early  as  1867,  when  placer  mining  yet  dominated  all  activity  in 
this  district,  the  Lead  King-Red  Cloud  vein  is  said  to  have  been 
discovered,  but  for  several  years  thereafter  little  work  was  done 
upon  it.  During  a  period  of  8  or  10  years,  beginning  in  1897,  the 
vein  was  energetically  developed  under  the  direction  of  Dr.  Peter 
S.  Mussigbrod,  and  a  large  quantity  of  ore  was  produced,  part  of 
which  was  milled  on  the  ground  and  the  remainder  shipped  to 
smelters.  Because  of  litigation  the  property  has  been  idle  the  last 
few  years. 

Mill  and  smelter  records  for  the  period  1898-1907  show  a  produc- 
tion of  $350,000,  97  per  cent  of  which  represents  the  value  of  the 
gold  and  the  remainder  the  silver.  In  addition  a  large  amount  of 
ore  for  which  no  records  are  available  is  said  to  have  been  extracted 
by  lessees  from  the  Crescent  and  other  claims,  and  the  owners  esti- 
mate a  total  yield  of  $500,000.  The  company's  mill  in  First  Chance 
Gulch  close  to  the  mouth  of  the  Red  Cloud  incline  is  equipped  with 
10  stamps,  plates,  vanners,  and  concentrating  tables. 

R«d  Clond. 

The  Crescent,  Lead  King,  and  Red  Cloud  mines  are  on  a  single 
vein  which  for  convenience  is  referred  to  as  the  Red  Cloud  vein. 
This  vein  has  been  more  extensively  and  systematically  developed 
than  others  in  the  district  and  has  produced  at  least  five-sixths  of  the 
total  accredited  to  the  First  Chance  Mining  Co.  First  Chance  Creek 
has  cut  a  deep  notch  across  the  vein,  exposing  a  considerable  portion 
of  it  to  mining  through  adit  levels.  On  the  west  slope  of  the  gulch,  in 
the  Lead  King  and  Crescent  claims,  there  are  seven  adit  levels  (PI. 
IX)  that  range  from  600  to  1,000  feet  in  length  and  are  distributed 
through  a  vertical  distance  of  300  feet  measured  from  the  stream  bed. 
On  the  east  slope  in  the  Red  Cloud  claim  there  are  four  long  adits 
and  in  addition  several  levels  run  from  an  incline  sunk  250  feet  below 
the  stream. 
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The  country  rock  consists  of  quartzite  and  schist  that  commonly 
show  small  dark  oval  spots  caused  by  groups  of  mica  flakes  or  crystals 
of  cordierite.  Small  dikes  of  a 
fine-grained  gray  porphyry  have 
intruded  the  schist  here  and 
there;  one  in  the  hanging  wall 
parallel  to  the  vein  is  exposed  in 
Lead  King  mine.  Under  the  mi- 
croscope specimens  from  some 
of  these  dikes  show  the  composi- 
tion of  granodiorite  porphyry, 
and  to  the  unaided  eye  all  ap- 
pear much  the  same.  The 
quartzite  and  schist  are  folded 
in  an  arch  (fig.  21),  the  axis  of 
which  crosses  First  Chance 
Gulch  about  500  feet  south  of 
the  mill. 

The  Red  Cloud  vein  lies  along 
a  bedding  plane  and  except  for 
slight  interruptions  by  faults  is 
known  to  persist  half  a  mile 
along  the  strike  and  at  least  800 
feet  on  the  dip.  In  the  Lead 
King  workings  its  average  strike 
is  about  N.  50**  W.,  and  in  the 
Red  Cloud  about  N.  70«  W.,  and 
the  dip  ranges  from  25®  to  85° 
NE.  Its  thickness  ranges  from 
that  of  a  mere  seam  to  3  or  4 
feet,  considerable  portions  aver- 
aging 2  feet  or  more. 

There  are  two  main  ore  shoots 
or  groups  of  ore  shoots  about  700 
feet  apart,  one  on  each  side  of 
the  creek,  the  intervening  por- 
tion of  the  vein  being  either 
pinched  and  lean  or  broken  by 
faults.  The  shoot  on  the  west 
claims  has  a  stope  length  of  500 
to  700  feet  or  more  and  comes 
to  the  surface  west  of  the  mouth 
in  the  Lead  King  and  Crescent 
of  adit  No.  4  (PI.  IX).  In  the  adits  that  were  accessible  for  ex- 
amination, namely,  Nos.  1  and  2  and  part  of  No.  3,  the  ore  body 
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in  few  places  is  less  than  a  foot  wide  and  for  the  most  part  ranges 
between  1  and  8  feet.  Levels  below  adit  No.  1  have  not  been  driven 
far  enough  to  reach  this  ore  shoot.  In  the  Red  Cloud  claim,  east 
of  the  creek,  the  vein  swells  to  another  large  composite  ore  shoot 
that  for  the  most  part  is  worked  out  above  level  No.  2  east  from  the 
incline.  Only  parts  of  the  workings  on  the  east  side  of  the  gulch 
were  entered.  In  Red  Cloud  adit  No.  3,  which  is  at  about  the  same 
elevation  as  No.  4  of  the  Lead  King,  the  vein  is  generally  from  1  to 
3  feet  wide  but  in  places  is  pinched  to  a  stringer.  Several  stopes  are 
carried  almost  to  the  surface,  and  the  ore  body  considered  in  detail 
is  made  up  of  several  flat  lenslike  masses  and  small  fault  blocks. 

Three  northeasterly  faults  were  seen  in  the  Red  Cloud  workings 
(PI.  IX).  They  dip  steeply  northwest,  and  each  has  shifted  the  vein 
northward  from  20  to  40  feet.  In  adit  No.  8  the  first  fault  is  100  feet 
from  the  portal,  and  for  the  next  30  feet  the  rocks  are  more  or  less 
crushed.  The  principal  plane  in  this  zone  strikes  N.  45°  E.,  dips 
80°  NW.,  and  carries  1  foot  of  gouge  and  breccia.  Another  plane  has 
a  strike  of  N.  50°  E.  and  a  dip  of  75°  SE.  As  the  movement  was 
normal  on  both — ^that  is,  the  hanging  wall  dropped — ^the  vein  was 
shifted  first  to  the  left  and  then  to  the  right.  At  about  400  and  600 
feet  from  the  portal  of  No.  3  the  vein  is  cut  by  other  northeast  faults 
that  pitch  steeply  northwest  and  shift  the  vein  to  the  north.  Several 
faults  parallel  to  those  mentioned  are  reported  to  occur  in  the  levels 
east  from  the  incline,  where  they  collectively  form  a  fault  zone  20O 
feet  wide. 

Oxidation  is  practically  complete  in  the  Red  Cloud  adit  levels  and 
above  No.  4  of  the  Lead  King.  Partial  oxidation  is  shown  in  the 
outer  portions  of  Nos.  2  and  3,  the  lower  limit  rising  slowly  from 
the  creek  level  as  the  hill  is  entered. 

Most  of  the  Red  Cloud  vein  seen  is  composed  of  two  or  more  layers 
separated  by  thin  greenish-gray  partings,  and  each  layer  commonly 
has  a  banded  structure  caused  by  a  parallel  arrangement  of  its  min- 
erals. In  places  the  partings  swell  into  small  horses  of  country 
rock,  and  in  general  the  vein  appears  to  have  replaced  the  schist 
rather  than  to  have  filled  open  spaces.  Under  the  microscope  re- 
placement by  quartz  is  clearly  shown,  fine  flakes  of  mica  arranged  in 
parallel  bands  that  represent  bedding  planes  being  all  that  remains 
of  the  original  schist. 

The  walls  are  smooth  and  well  defined  and  generally  bear  a  thin 
soft  gouge  composed  of  very  fine  mica  and  crushed  ore  mixed  to- 
gether. Postmineral  movements  in  the  plane  of  the  vein  have  not 
been  extensive. 

The  vein  filling  normally  consists  of  quartz  with  varying  amounts 
of  irregularly   distributed  barite,   ankerite,  and  the  ore  minerals 
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pyrite,  chalcopyrite,  tetrahedrite,  and  galena.  In  the  oxidized  zone 
iron  oxides  replace  the  sulphide  minerals,  and  free  gold  is  present. 
Quartz,  barite,  and  pyrite  were  first  introduced  in  the  vein,  followed 
by  ankerite,  or  calcite,  chalcopyrite,  and  galena  or  tetrahedrite  in 
the  order  given.  The  relations  of  galena  and  tetrahedrite  to  each 
other  were  not  made  out,  but  both  replace  the  other  vein  minerals, 
particularly  pyrite  and  chalcopyrite.  Except  in  the  completely  oxi- 
dized portions  of  the  vein,  pyrite  occurs  everywhere  as  disseminated 
grains  and  crystals,. inclosed  in  the  quartz  or  carbonate.  Chalcopy- 
rite was  seen  only  in  specimens  from  the  lowest  levels.  In  most  of 
the  levels  tetrahedrite  and  galena  are  rather  sparingly  and  irregu- 
larly distributed,  but  locally  they  are  abundant. 

In  specimens  of  oxidized  ore  from  the  Crescent  mine  gold  is  in- 
closed  in  both  quartz  and  limonite,  occurring  as  flakes  and  ragged 
rough  particles,  some  of  which  are  fairly  coarse.  Flakes  of  gold 
were  also  seen  in  iron-stained  ore  from  the  upper  levels  in  the  Red 
Cloud  claim.  In  the  Bed  Cloud,  as  in  the  Nancy  Hanks  vein,  the  dis- 
tribution of  the  gold  appears  to  be  independent  of  tetrahedrite  or 
galena  but  closely  related  to  pyrite.  Molybdenite  was  seen  as  thin 
films  on  cleavage  planes  in  the  walls  but  not  within  the  vein  itself. 
In  addition  to  a  widespread  stain  and  masses  of  earthy  texture,  limo- 
nite forms  cubes  after  pyrite,  the  oxidized  ore  closely  resembling  that 
from  the  Cascade  mine«  Manganese  appears  to  be  very  rare.  In  a 
few  places  only  recent  stains  of  manganese  oxide  were  seen  on  seams 
in  the  walls. 

Near  the  vein  the  wall  rocks  contain  fine  grains  of  pyrite  and  are 
generally  bleached,  showing  pale-green  tints.  Microscopic  examina- 
tion of  a  few  specimens  shows  their  original  constituents  to  have  been 
partly  replaced  by  calcite  and  sericite.  In  the  granodiorite  porphyry 
dike  that  parallels  the  vein  in  the  Lead  King  adits  the  feldspar  is 
ahnost  wholly  altered  to  sericite. 

Most  of  the  ore  stoped  from  the  Red  Cloud  levels  was  worked  in 
the  company's  mill  and  a  saving  of  80  to  90  per  cent  effected  by  plates 
and  concentrators.  On  the  average  the  ore  contained  about  90  per 
cent  of  silica,  4  per  cent  of  iron  in  the  forms  of  pyrite  and  limonite, 
3  per  cent  of  sulphur,  small  amounts  of  copper  and  lead,  and  1  ounce 
of  gold  and  li  ounces  of  silver  to  the  ton.  The  concentrates,  which 
were  chiefly  pyrite,  generally  assayed  from  4  to  8  ounces  of  gold  to 
the  ton,  and  half  again  as  much  silver. .  The  bullion  from  the  plates 
varied  considerably  in  fineness,  owing  to  the  presence  of  copper,  but 
some  of  the  retorts  were  composed  of  gold  and  silver  only  in  pro- 
portions that  averaged  about  850  and  150,  respectively.  The  ore 
taken  from  the  Lead  King  workings  is  reported  to  have  been  some- 
what richer  than  that  milled  from  the  Red  Cloud.     Above  adit 
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No.  4  was  a  shoot  of  oxidized  ore  250  feet  long,  said  to  have  yielded 
$35  a  ton  and  in  places  near  the  surface  much  more. 

A  large  amount  of  ore  is  blocked  out  below  the  Lead  King  adit 
No.  4,  and  from  all  that  could  be  learned  there  is  no  reason  to  think 
that  the  lower  limits  of  the  ore  shoots  have  been  reached  in  either  the 
Lead  King  or  the  Red  Cloud. 

Fourth  of  Jaly. 

The  Fourth  of  July  vein  crops  out  along  a  slope  about  a  quarter 
of  a  mile  southeast  of  the  Red  Cloud  mill  and  from  300  to  400  ieet 
higher*  It  is  developed  by  four  adit  levels  (PL  IX,  p.  188)  to  a 
horizontal  distance  of  300  feet  and  a  depth  of  450  feet  on  the  dip. 

The  Fourth  of  July  is  roughly  parallel  to  the  Red  Cloud  vein  and 
is  inclosed  by  similar  rocks.  On  the  northwest  and  southeast  it  is 
cut  off  by  transverse  faults  that  bound  a  wedge-shaped  block  point* 
ing  southwest.  The  most  probable  interpretation  of  the  faulting  is 
that  the  block  has  moved  relatively  southwest  and  downward.  If 
this  is  true  the  Fourth  of  July  vein  may  be  a  shifted  portion  of  the 
Red  Cloud,  a  conclusion  supported  by  the  similarity  of  the  two  and 
the  fact  that  the  continuation  of  neither  has  been  found.  Both 
faults  dip  steeply  and  are  accompanied  by  abundant  gouge  and  brec- 
cia, and  the  ground  between  them  has  been  broken  by  some  smaller 
parallel  fractures. 

Practically  all  of  the  vein  so  far  developed  is  from  1  to  4  feet  in 
width  and  is  reported  to  be  of  about  the  same  richness  as  the  Red 
Cloud.  A  small  portion  only  of  the  vein  has  been  stoped,  and  the 
ore  produced  averaged  1.8  ounces  of  silver  and  1.18  ounces  of  gold 
to  the  ton. 

The  vein  shows  a  banded  structure  and  is  normally  composed  of 
quartz  and  pyrite  or  its  oxidation  products.  In  places  there  are 
cavities  from  which  tabular  minerals^  either  ankerite  or  calcite,  have 
been  dissolved. 

Robert  Emmet. 

The  Robert  Emmet  vein  crops  out  about  1,000  feet  northeast  of  the 
Fourth  of  July,  lies  parallel  to  it,  and  is  within  the  same  fault  block. 
It  is  opened  by  adit  levels  and  an  incline  to  a  length  and  depth  of 
200  feet.  The  workings  were  not  entered,  but  they  are  reported  to 
show  a  vein  similar  in  general  to  the  Red  Cloud.  Records  of  ore 
shipments  made  from  the  Robert  Emmet  in  1906-7  show  a  total  of 
$6,000  from  ore  that  averaged  1  ounce  of  silver  and  0.89  ounce  of 
gold  to  the  ton. 

Falrriew. 

The  Fairview  vein  crops  out  on  the  steep  slope  west  of  Cave  Gulch, 
about  three-quarters  of  a  mile  southeast  of  the  Red  Cloud  mine.  A 
tabular  ore  body  from  6  inches  to  3  feet  wide  and  400  feet  long  was 
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mined  from  the  surface  to  a  depth  of  200  feet.  Its  general  direction 
is  east  and  its  dip  30°  N.,  and  it  is  inclosed  in  schist  and  quartzite. 
Becords  covering  the  period  1898-1907  show  a  production  of  over 
$50,000.  Assays  were  not  seen  except  for  the  latest  shipments,  which 
averaged  0.77  ounce  of  silver  and  1.1  ounces  of  gold  to  the  ton.  No 
ore  was  obtained  from  the  workings  in  1916,  but  specimens  in  the 
possession  of  Dr.  Mussigbrod  show  the  ore  to  be  similar  in  general 
to  that  of  the  Eed  Cloud.  Some  of  the  specimens,  however,  are 
unlike  any  seen  in  any  other  mine  in  the  district  In  addition  to 
coarse,  ragged  grains  of  native  gold  they  contain  tellurides  of  gold, 
silver,  and  bismuth  inclosed  in  clear  quartz* 

WUUe. 

From  a  quarry  on  the  east  side  of  First  Chance  Gulch  about  500 
feet  below  the  Bed  Cloud  mill  a  large  quantity  of  ore  is  said  to  have 
been  taken  that  yielded  from  $4  to  $11  a  ton  in  gold.  The  lode, 
which  is  chiefly  brecciated  and  iron-stained  schist  and  quartzite,  is 
known  as  the  Willie  lode.  To  a  width  of  40  feet  or  more  it  is  re- 
ported to  average  $2  a  ton.  An  adit  level  that  starts  in  the  bed  of 
a  ravine  near  the  quarry  penetrates  the  lode,  which  has  a  north- 
westerly direction,  and  occupies  the  core  of  the  anticline  previously 
mentioned  as  crossing  First  Chance  Gulch  below  the  mill.  The  fold- 
ing squeezed  and  crushed  the  rocks,  opening  them  for  mineralizing 
solutions  which  partly  replaced  them  with  silica  and  introduced  a 
little  gold-bearing  pyrite.  Near  it«  face  the  adit  penetrates  a  ver- 
tical northeast  fault  that  is  about  in  line  with  the  second  fault  met  in 
the  Ked  Cloud  adit  levels. 

COLOMA  DISTRICT. 
GEVEKAL  FEATUSES. 

Several  mines  are  grouped  closely  around  Coloma  (fig.  22),  a  min- 
ing camp  2  miles  northwest  of  Garnet.  During  1897  and  the  next 
few  years,  while  the  Mammoth  and  Comet  mines  were  in  operation, 
the  camp  was  lively,  but  since  then  it  has  become  almost  deserted. 
In  1916  the  only  important  work  in  progress  was  a  tunnel  being 
driven  by  the  Montana  Gold  Mines  Co.  at  a  point  half  a  mile  north 
of  Coloma  and  600  feet  lower.  Eather  extensive  development  work 
was  formerly  done  on  both  the  Mammoth  and  Comet  mines,  and 
mills  were  installed,  but  from  all  that  could  be  learned  neither  mine 
yielded  a  profit.  Although  rich  in  places,  the  veins  are  small,  and  the 
work  seems  to  have  been  planned  on  a  scale  out  of  proportion  to 
them.  No  records  of  production  were  seen,  but  persons  familiar 
with  the  mines  estimate  that  more  than  $200,000  worth  of  gold  ore 
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was  extracted  from  the  Mammoth.  Some  of  this  ore  was  shipped  to 
smelters,  but  most  of  it  is  said  to  have  been  milled,  and  all  but  a  little 
of  the  gold  was  lost  in  the  tailings.  In  the  absence  of  smelter  and 
mill  records  it  is  obviously  difficult  to  estimate  the  production.  The 
Comet  is  reported  to  have  yielded  a  few  thousand  dollars,  and  the 
other  mines,  of  which  the  Clemantha  was  the  most  productive, 
shipped  gold  ore  worth  $40,000  or  more  to  smelters. 

Coloma  is  reached  by  fairly  good  wagon  roads  either  from  Bear- 
mouth  by  way  of  Garnet  or  from  Potomac,  a  town  12  miles  to  the 

west  on  a  logging  spur 
of  the  Chicago,  Milwau- 
kee &  St.  Paul  Railway. 
The  mining  area  lies 
chiefly  upon  the  summit 
plateau,  which  is  con- 
tinuous with  and  of  the 
same  description  as  that 
about  Garnet,  Most  of 
the  drainage  goes  north- 
ward through  McGinnis 
Creek,  a  stream  that  has 
yielded  much  placer 
gold. 

The  rocks  at  Coloma 
are  limestone  and  grano- 
diorite,  both  of  which 
are  continuous,  with  sim- 
lar  bodies  exposed  at 
Garnet.  The  veins  oc- 
cupy fractures  in  the 
granodiorite  that  do  not 
depart  far  from  an  east- 
northeast  strike  and  a 
30°  S.  dip.  Most  of  them  crop  out  very  near  the  contact  and  within 
a  space  of  half  a  mile  from  north  to  south.  Except  locally,  they  are 
not  more  than  a  foot  or  two  in  width,  but  some  of  them  have  been 
proved  by  explorations  to  extend  500  feet  or  more  in  length  and 
depth. 

None  of  the  old  workings  were  accessible  at  the  time  of  visit,  and 
information  concerning  the  ore  bodies  is  rather  meager.  Maps  of 
the  Mammoth  mine  show  one  stope  above  the  150-foot  level  that  is 
200  feet  in  stope  length  and  300  feet  on  the  pitch.  Most  of  this  body 
is  said  to  have  been  oxidized  and  rich  in  gold.  There  are  several 
smaller  stopes,  and  on  the  lowest  level,  which  is  270  feet  vertically 
below  the  surface  and  also  below  the  limit  of  oxidation,  the  general 
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Figure  22. — Veins  at  Coloma,  Garnet  Range,  Mont. 
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nm  of  tiie  ore  is  said  to  be  worth  from  $20  to  $30  a  ton.  Most  of  the 
other  veins  have  produced  ore  near  the  surface  worth  $100  a  ton, 
but  none  except  the  Comet  are  developed  below  the  oxidized  zone. 
Little  was  learned  about  the  Comet  beyond  the  fact  that  exploration 
has  shown  the  vein  to  be  generally  very  lean  below  a  depth  of  100 
feet  or  less. 

Specimens  of  sulphide  ore  from  the  Mammoth  and  Comet  veins  are 
rather  similar  in  structure  and  mineralogy  to  the  ores  from  the  veins 
in  the  granodiorite  at  Garnet.  Banding  due  to  a  replacement  of  the 
wall  rock  is  common,  and  pyrite,  chalcopyrite,  and  tetrahedritc,  to- 
gether with  quartz,  compose  the  ore.  Tetrahedrite  is  notably  abun- 
dant in  the  Comet  ore,  and  in  this  mine  and  the  Mammoth  also  it  cuts 
and  replaces  the  other  sulphides.  Specimens  from  the  lower  levels 
of  the  Comet  show  considerable  white  mica,  and  the  quartz  is  rather 
coarse  textured,  suggesting  a  pegmatite.  The  oxidized  ore  consists, 
as  usual,  of  porous  quartz  and  iron  oxides  in  earthy  masses  and  as 
pseudomorphs  after  pyrite. 

The  texture  and  comparative  poverty  of  the  Comet  vein,  together 
with  the  fact  that  its  outcrop  is  700  feet  lower  than  the  Mammoth  and 
also  that  much  deeper  in  the  granodiorite  body,  other  things  being 
equal,  suggest  that  it  may  lie  near  the  lower  limit  of  the  zone  in  which 
the  gold-bearing  pyrite  was  deposited.  This  being  true,  the  depth  of 
TOO  feet  in  the  Mammoth,  or  corresponding  levels  in  other  mines, 
may  be  a  lower  limit  for  good  ore,  the  whole  area  being  so  small  that 
the  conditions  surrounding  the  formation  of  all  the  veins  were  prob- 
ably much  the  same.  The  tetrahedrite  is  of  a  later  generation  and 
apparently  wholly  independent  of  the  gold-bearing  pyrite  and  is 
probably  not  subject  to  the  above  limitations.  In  fact,  there  is 
nothing  to  indicate  that  this  copper  mineral  does  not  persist  in  the 
veins  to  considerable  depths,  or  even  increase  downward.  In  view  of 
these  considerations  the  completion  of  the  tunnel  now  being  driven 
by  the  Montana  Gold  Mines  Co,  to  intersect  the  Mammoth  vein  at  a 
depth  of  approximately  600  feet  is  awaited  with  interest. 

KIKES  AKD  PKOSFECTB. 
MONTANA    GOLD    MINES    CO. 

From  a  point  in  Melhom  Gulch  about  5,350  feet  above  the  sea  a 
tunnel  is  being  driven  southwestward  to  crosscut  the  Mammoth  and 
other  veins  that  crop  out  at  Coloma.  In  September,  1916,  about 
1,000  feet  of  large,  straight,  and  well-constructed  tunnel  had  been 
completed  under  the  supervision  of  Andrew  Eyan,  and  about  an 
equal  distance  remained  to  be  run  before  a  point  directly  beneath 
the  shaft  house  on  the  Mammoth  and  about  600  feet  below  the  sur- 
face would  be  reached.    The  tunnel  penetrates  granodiorite  and  has 
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crosscut  a  few  small  easterly  quartz  veins  or  stringers  that  dip  30**— 
40**  S.    Some  of  them  show  a  little  pyrite,  and  some  are  crushed  by 
postmineral  faulting  in  the  plane  of  the  vein.    Generally  the  country 
vrock  is  solid,  but  here  and  there  it  is  slightly  crushed  and  faulted. 

The  Mammoth  vein  is  developed  by  a  shaft  reported  to  be  270  feet 
deep  and  several  levels  and  stopes,  none  of  which  could  be  entered 
in  September,  1916.  The  shaft  and  hoist  were  in  an  advanced  stage 
of  dilapidation  and  evidently  had  not  been  in  use  for  several  years- 
From  1896  to  1899  the  mine  was  developed  on  a  rather  ambitious 
scale,  and  a  mill  was  built  in  Washoe  Gulch,  about  a  mile  to  the 
west.  Ore  worth  $200,000  or  more  in  gold  is  said  to  have  been  mined 
and  worked  in  the  mill.  No  records  of  ore  production  or  mill  runs 
were  seen,  but  the  mill  extraction  is  said  to  have  been  unsatisfactory, 
most  of  the  gold  having  remained  in  the  tailings. 

The  vein  strikes  about  east  and  dips  80®  S.,  and  a  large  part  of  it 
is  said  to  be  from  1  to  3  feet  or  more  in  width.  It  cuts  granodiorite 
adjacent  to  limestone,  but  does  not  cross  the  contact.  Another  simi- 
lar vein  follows  the  contact,  which  strikes  southeast  and  dips  steeply 
east.  In  the  upper  levels  the  ore  in  both  veins  was  oxidized  and 
reported  to  have  been  of  high  grade.  Sulphide  ore  at  a  depth  of 
270  feet  is  said  to  average  from  $20  to  $30  a  ton  in  gold.  The  few 
specimens  seen  are  similar  in  appearance  to  ore  from  Garnet,  show- 
ing pyrite  and  tetrahedrite  in  a  quartz  gangue.  The  tetrahedrite  was, 
as  usual,  the  last  mineral  to  be  introduced  into  the  vein. 

Several  veins  parallel  to  the  Mammoth  crop  out  within  a  quarter 
of  a  mile  north  and  south  from  it.  Their  value  will  doubtless  be 
determined  by  the  crosscut  tunnel  now  being  constructed.  Named 
in  order,  those  on  the  north,  which  have  been  the  most  extensively 
worked,  are  the  Valley,  Crystal  Spring,  Clemantha,  and  Rambler. 
None  of  these  could  be  seen  underground  in  September,  1916,  but 
they  are  described  by  persons  familiar  with  them  as  narrow  veins 
similar  in  character  to  the  Mammoth  and  are  reported  to  have  pro- 
duced rich  oxidized  ore  from  their  rather  superficial  workings.  The 
Clemantha  is  said  to  have  yielded  $80,000,  and  the  others  smaller 
amounts. 

South  of  the  Mammoth  is  the  Cato,  which  is  one  of  the  first  of  the 
veins  to  be  exploited  in  this  locality  and  for  which  a  small  production 
is  reported. 

COMET    (OLTMPIAO). 

The  Comet  mine,  now  partly  included  within  the  Olympiad  claim 
of  B.  W.  Champe,  is  three-quarters  of  a  mile  north  of  Coloma,  near 
the  head  of  Bivins  Gulch,  a  tributary  of  Elk  Creek.  About  1905  a 
corporation  known  as  the  Quantock  Mining  &  Milling  Co.  spent  a 
large  sum  in  development  work  and  installed  a  15-ton  Huntington 
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mill.  But  a  very  small  production  of  gold  is  said  to  have  been  made, 
however,  and  the  company  has  to  all  appearances  abandoned  the 
ground. 

A  two-compartment  shaft,  with  its  collar  about  5,250  feet  above 
the  sea,  is  said  to  have  been  sunk  500  feet  on  the  vein,  and  several 
levels  were  run,  one  of  them  a  crosscut  1,000  feet  to  the  south.  In 
September,  1916,  the  shaft  was  caved  within  a  few  feet  of  the  collar. 
The  vein  is  narrow,  strikes  N.  60°  E.,  dips  30°  S.,  and  cuts  granodio- 
rite.  Near  the  surface  there  were  a  few  bunches  of  oxidized  ore 
worth  $100  a  ton  in  gold.  Below  this  a  few  small  shoots  of  sulphide 
ore  were  found,  specimens  of  which  are  fairly  rich  in  tetrahedrite. 
The  other  sulphides  present  are  pyrite  and  chalcopyrite,  named  in 
the  order  of  their  genesis,  and  both  of  them  are  replaced  by  the 
tetrahedrite.  The  gangue  is  quartz,  which  ordinarily  forms  90  per 
cent  or  more  of  the  vein.  The  long  crosscut  is  understood  to  have 
been  run  in  an  unsuccessful  search  for  a  vein  that  crops  out  a  short 
distance  south  of  the  Comet.  Specimens  from  the  lower  workings 
show  considerable  white  mica,  and  the  quartz  is  rather  coarse  tex- 
tured, features  that  suggest  pegmatite. 

HEAD  OF  ELK   CREEK. 
GENERAL  FEATTTKES. 

Several  mines  are  located  along  the  main  divide  and  the  adjacent 
slopes  near  the  head  of  Elk  Creek  and  about  2  miles  east-southeast 
of  Garnet  (fig.  23).  Since  1886,  when  the  first  one  was  opened,  they 
have  been  worked  now  and  then,  producing  in  the  aggregate  $40,000 
to  $50,000  in  gold.  The  district  is  reached  from  Garnet  by  an  excel- 
lent road  around  the  south  of  Anderson  Hill,  and,  in  addition,  a  road 
goes  from  the  pass  at  the  head  of  Elk  Creek  down  Deep  Gulch  to  the 
highway  between  Garnet  and  Bearmouth. 

Most  of  the  area  drains  northward  to  Elk  Creek,  chiefly  through 
Day  Gulch,  a  stream  that  has  yielded  much  placer  gold,  but  a  small 
part  is  drained  by  Cayuse  Gulch,  a  tributary  of  Deep  Creek.  The 
area  is  thickly  timbered  and  abundantly  supplied  with  water. 

The  surface  is  similar  to  that  at  Garnet.  The  main  divide  is  an 
undulating  flat  that  averages  a  little  more  than  6,000  feet  in  eleva- 
tion and  has  been  deeply  scalloped  along  the  borders  by  gulches  from 
either  side.  Stones  Flat,  now  a  part  of  the  divide,  is  the  remnant  of 
an  ancient  valley  through  which  a  good-sized  stream  once  flowed  and 
deposited  placer  gravels.  The  broad  pass  at  the  head  of  Elk  Creek 
is  a  remnant  of  another  old  valley.  A  short  distance  away  from  the 
divide  the  surface  becomes  rugged  and  steeply  sloping. 

Beds  of  quartzite,  shale,  and  schist  continuous  with  those  at  Gar- 
net occupy  most  of  the  surface.    They  likewise  pass  beneath  lime- 
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stone  and  are  invaded  by  granodiorite,  of  which  the  principal  ex- 
posure occupies  the  basin  of  Day  Gulch.  In  general  the  beds  are  bent 
into  a  broad  arch,  which  is  a  continuation  of  the  one  developed  at 
Garnet.  Locally,  however,  there  are  many  variations  in  the  strike 
and  dip,  the  mine  workings  commonly  disclose  faults,  and  the  struc- 
ture is  evidently  complex  in  detail. 
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FiouBB  23. — Veins  at  the  head  of  Elk  Creek,  GarDet    Range,   Mont. 


LODES. 


The  lodes  at  the  head  of  Elk  Creek  may  be  all  classified  as  quartz- 
pyrite  veins  valuable  for  gold.  They  have  been  formed  along  frac- 
tures that  cut  the  sedimentary  rocks  and  the  granodiorite,  and, 
except  the  Haparanda,  which  trends  north,  they  have  a  northeast 
direction.  Most  of  them  dip  steeply  northwest  and  all  are  fairly 
persistent  though  narrow.  The  most  extensively  developed  of  these 
veins,  the  Dandy,  is  shown  to  extend  1,000  feet  or  more  along  the  strike 
and  500  feet  on  the  dip  without  any  indications  that  its  lower  limit 
is  near.  It  varies  in  width  but  averages  2  feet  for  considerable 
distances. 

Most  of  the  other  veins  are  narrow,  and  few  of  them  have  been  ex- 
plored more  than  100  feet  in  depth  or  200  feet  in  length.  In  most  of 
the  mines  faults  have  been  met  that  cut  oflf  the  veins  abruptly,  but 
the  amount  of  dislocation  is  known  only  for  one  or  two  of  them.  A 
fault  that  cuts  the  Dandy  vein,  between  adits  Nos.  1  and  2,  has 
dropped  one  part  relatively  about  150  feet,  measured  on  the  fault 
plane,  resulting  in  a  horizontal  shift  of  the  vein  at  any  given  level 
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of  about  200  feet.  Most  of  the  other  faults  carry  as  abundant  gouge 
and  breccia  as  this  one,  and  their  dislocations  may  well  have  been 
equally  great. 

The  lower  limit  of  oxidation  has  been  reached  in  only  one  or  two 
mines,  in  which  it  is  about  200  feet  below  the  surface.  Unoxidized 
pyrite  is  found  at  less  depths,  but  as  a  rule  only  where  the  vein  is 
tight  and  admits  little  water. 

In  the  veins  which  have  so  far  proved  to  be  the  most  profitable, 
and  of  which  the  Dandy  is  an  example,  the  pyrite  or  the  iron  oxides 
derived  from  it  are  more  or  less  concentrated  in  a  middle  streak  that 
contains  most  of  the  gold.  As  a  rule,  however,  this  streak  can  not  be 
separated  in  mining  from  the  leaner  quartz  on  either  side,  and  the 
whole  must  be  taken  out  and  averaged  together.  In  the  other  veins 
most  of  the  pyrite  occurs  in  small  veinlets  irregularly  distributed 
through  the  quartz.  Ore  shoots,  or  portions  ot  the  veins  that  average 
sufficiently  rich  to  repay  working,  range  from  a  few  to  perhaps 
several  hundred  feet  in  length  and  depth.  A  fact  that  seems  well 
established  is  the  limitation  of  rich  ore — that  is,  ore  worth  about 
$100  a  ton — in  most  of  the  veins  to  depths  within  50  feet  or  so  of  the 
surface.  Except  in  spots  the  ore  is  leaner  below,  although  still  in 
the  oxidized  zone,  and  the  sulphide  ore  farther  down  is  of  still  lower 
grade.  The  decrease  in  tenor  experienced  in  crossing  the  lower 
l>oundary  of  the  oxidized  zone,  which  in  the  Dandy  amounts  to  the 
difference  between  ore  worth  $30  a  ton  and  ore  worth  $20  a  ton,  is 
explained  by  the  loss  of  valueless  material  in  the  course  of  oxidation 
and  leaching,  but  the  localization  of  richer  ore  just  below  the  surface 
is  not  so  easily  accounted  for.  There  is  no  evidence  of  downward 
enrichment  in  the  sulphide  zone. 

The  close  association  of  these  veins  with  intrusive  granodiorite 
strongly  suggests  that  they  are  a  consequence  of  the  intrusion  of  that 
rock,  their  minerals  being  formed  from  solutions  given  off  when  the 
magma  cooled.  Most  of  the  veins  are  too  small  to  warrant  plans 
for  very  deep  exploration,  although  there  is  no  reason  to  think  that 
the  depth  limit  of  ore  has  been  reached. 

XIVBS  AND  PROSFEOTS. 
DANDY. 

The  Dandy  mine,  on  the  slope  west  of  Elk  Creek  about  2  miles  east- 
sontheast  of  Garnet,  has  been  operated  in  recent  years  by  the  Ohio 
Mining  &  Development  Co.  There  is  a  newly  constructed  building  on 
the  property  equipped  with  a  Lane  mill,  amalgamating  plates,  and 
concentrators,  but  it  was  idle  in  September,  1916,  and  the  results  of 
previous  runs  were  not  learned.    A  moderate-sized  stope  above  adit 
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No.  2,  the  yield  of  which  is  not  known,  and  a  smaller  stope  in  adit 
No.  1  that  produced  $13,000  in  gold,  are  reported  to  have  been  made 
by  predecessors  of  the  present  company. 

Three  adit  levels  have  been  driven  southwest,  wholly  or  in  part 
following  a  vein  in  the  Dandy  claim.  The  lowest  adit.  No.  3,  is  1,000 
feet  long  and  lies  about  5,800  feet  above  the  sea.  Levels  2  and  1  are 
about  175  and  350  feet  higher,  respectively,  and  850  and  200  feet  in 
length.  At  their  farther  ends  levels  3  and  2  are  about  400  feet  deep 
in  the  vein.  In  addition  there  are  several  crosscuts  and  raises,  and 
altogether  about  3,000  feet  of  underground  work  has  been  done. 

The  formation  consists  of  slaty  mica  schist  and  quartzite  similar  to 
many  of  the  beds  at  Garnet,  and  in  addition  there  is  considerable 
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FiGUBn  24. — Plan   of  Dandy  vein.  Garnet  Range,   Mont. 

very  dark  shale.  A  short  distance  to  the  east  these  rocks  are  overlain 
by  limestone,  and  to  the  north  they  give  place  to  granodiorite.  A 
granodiorite  dike  is  also  met  in  adit  No.  3  about  300  feet  from  its 
mouth.  In  general  the  sedimentary  rocks  strike  northwest  and  dip  at 
moderate  angles  northeast,  but  they  show  many  local  variations  in 
attitude  and  the  structure  is  complex  in  detail. 

The  vein  dips  55°-75°  NW.  and  cuts  the  quartzite,  schist,  and 
shale  at  right  angles  to  their  general  direction.  It  is  exposed  by  adits 
Nos.  2  and  3  to  a  length  of  nearly  1,000  feet,  in  which  its  continuity  is 
practically  unbroken,  although  there  are  two  or  three  small  interrup- 
tions where  the  vein  leaves  one  plane  for  another  parallel  fracture  a 
few  feet  away.    There  are  some  extensive  pinches  (fig.  24) ,  but  over 
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most  of  the  course  described  the  vein  averages  at  least  2  feet  in  width 
and  in  places  reaches  3  or  4  feet. 

A  fault  that  strikes  nearly  east  and  dips  60^  south  has  shifted  that 
portion  of  the  .vein  exposed  in  adit  No.  1  about  200  feet  to  the  south. 
The  vein  is  again  cut  off  near  the  mouth  of  adit  No.  2  and  at  a  point 
below  in  adit  No.  3  by  a  northwesterly  fault  zone,  the  planes  of  which 
are  vertical  or  dip  very  steeply  northeast.  Farther  east  there  is  a 
fault  that  strikes  a  little  north  of  west  and  dips  southwest.  The  vein 
itself  lies  in  a  fault  fissure  and  has  been  slightly  crushed  by  post- 
mmeral  movement. 

Generally  the  vein  shows  a  banded  structure,  in  places  containing 
thin  partings  and  horses  of  country  rock,  and  is  composed  wholly  of 
quartz  and  pyrite  or  the  oxidation  products  of  pyrite.  As  a  rule  most 
of  the  pyrite  is  gathered  along  the  middle  of  the  vein^  forming  a 
streak  locally  as  much  as  a  foot  thick.  In  the  oxidized  ore  the  pyrite 
streak  is  represented  by  a  porous  or  "  honeycomb  "  quartz  partly  filled 
with  limonite.  Most  of  the  quartz  is  rather  fine  grained,  milk-white, 
and  dense,  but  in  places  there  is  a  coarser  transparent  variety  that, 
together  with  some  of  the  pyrite,  seems  to  be  of  a  later  generation. 

Oxidation  is  practically  complete  above  and  for  short  distances  be- 
low level  No.  2,  its  lower  limit  lying  about  150  to  250  feet  below  the 
surface  and  sloping  in  the  same  direction. 

Adits  Nos.  2  and  3  are  unconnected,  but  there  are  some  raises  and 
small  stopes  that  extend  part  way  between  them  and  afford  means  for 
a  tolerably  comprehensive  sampling  of  the  vein.  As  indicated  by 
the  results  obtained  by  several  engineers,  all  of  whom  estimate  a  large 
tonnage  in  sight,  considerable  portions  of  the  vein  above  No.  2  ap- 
pear to  average  about  $30  a  ton  in  gold,  and  the  corresponding  sul- 
phide ore  on  No.  8  level  about  $20  a  ton.  The  assay  plats  suggest 
that  there  are  two  or  more  persistent  ore  shoots  that  pitch  slightly 
westward  in  the  plane  of  the  vein,  and  in  addition  some  rich  spots 
between. 

OHIO   AND   BUCKEYE. 

About  800  feet  south  of  the  Dandy  a  vein  has  been  opened  on  the 
Ohio  and  Buckeye  claims.  This  vein  strikes  southwest,  stands  ver- 
tical, ranges  from  2  to  5  feet  in  width,  and  is  composed  of  dense 
white  quartz.  Here  and  there  it  contains  specks  of  pyrite,  and  sam- 
ples from  it  are  said  to  have  assayed  $2  or  $3  a  ton  in  gold. 

HAPARANDA. 

The  Haparanda  mine  is  on  the  slope  west  of  Elk  Creek  about  half 
a  mile  southeast  of  the  Dandy.  It  was  opened  in  1886  by  B.  A.  C. 
Stone,  who  built  a  small  mill  and  extracted  about  $10,000  in  gold. 
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The  property  has  lain  idle  many  years,  and  the  workings  are  caved. 
Mr.  Stone  describes  the  vein  as  having  a  nearly  due  north  trend  and 
a  dip  of  85°  E.  Near  the  surface  there  was  a  rich  ore  shoot  2  feet 
thick  and  80  feet  in  stope  length  that  pitched  20^-30°  N.,  parallel  to 
the  mountain  slope.  Beyond  this  shoot  the  vein  was  explored  for 
some  distance  but  proved  to  be  lean.  The  formaticm  is  quartzite 
and  schist,  and  the  vein  minerals  are  quartz  and  pyrite  or  iron  oxides 
derived  from  it. 

MASCTTLINE  AND  ARKANSAW. 

The  Masculine  and  Arkansaw  mines,  neither  of  which  was  being 
worked  in  1916,  are  in  Day  Gulch  a  quarter  of  a  mile  northwest  of 
the  Dandy.  Both  veins  strike  N.  65°  E.,  dip  75°-80°  NW.,  and  cut 
granodiorite.  The  Masculine,  which  is  from  1  to  2  feet  wide,  is 
developed  by  a  short  tunnel  and  a  shaft  said  to  be  175  feet  deep. 
At  the  bottom  of  the  shaft  the  vein  is  cut  off  by  a  fault  that  dips 
north.  Ore  scattered  about  the  dump  is  a  fine-grained  flinty  quartz 
that  contains  abundant  fine  pyrite  in  secondary  fractures.  Near  the 
surface  the  ore  contains  a  large  amount  of  iron  oxides  and  is  said 
to  assay  from  $20  to  $40  a  ton  in  gold. 

The  Arkansaw  is  a  foot  or  less  in  width  and  of  similar  composition 
to  the  Masculine.  It  is  said  to  be  developed  to  a  depth  of  65  feet 
and  to  assay  from  $40  to  $80  a  ton. 

IDAHO  AND  ALABAMA. 

The  Idaho  and  Alabama  mines  are  in  the  upper  part  of  Day  Gulch, 
just  north  of  Stones  Flat.  The  veins  in  both  strike  northeast,  dip 
25^-30°  SE.,  and  are  a  foot  or  less  in  width.  The  Idaho  vein  is  in 
granodiorite  and  has  been  developed  by  an  adit  level  several  hun- 
dred feet  long.  From  an  ore  shoot  50  feet  long,  it  is  said,  about 
100  tons  of  ore  that  averaged  $100  a  ton  in  gold  was  shipped  by  way 
of  Bearmouth  to  smelters.  The  vein  minerals  are  quartz  and  pyrite 
or  its  oxidation  products. 

The  Alabama  vein  is  in  schist,  very  near  the  granodiorite  contact, 
but  has  not  been  extensively  developed.  It  is  similar  mineralogically 
to  the  Idaho. 

INDEPEIVDENCE. 

The  Independence  is  a  prospect  on  the  slope  east  of  Cayuse  Gulch 
and  near  the  Elk  watershed,  developed  by  an  adit  level  at  an  eleva- 
tion of  5,950  feet  above  the  sea,  driven  northeastward  150  feet.  For 
the  last  80  feet  the  adit  follows  a  N.  55**  E.  vein  that  dips  75°  NW., 
ranges  from  1  foot  to  4  feet  in  width,  and  is  composed  of  a  dense 
milk-white,  rather  flinty  quartz,  through  which  fine-grained  pyrite 
or  iron  oxides  derived  from  it  are  distributed  along  a  network  of 
small  cracks. 
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LYNX. 

The  Lynx  mine  is  about  a  quarter  of  a  mile  southwest  of  Stones 
Flat,  in  a  ravine  tributary  to  Cayuse  Gulch.  An  adit  level  240  feet 
long  follows  in  part  a  S.  80°  W.  vein  that  dips  76®  S.  and  cuts 
quartzite.  At  165  feet  from  the  portal  the  vein  is  cut  off  by  a  N.  25° 
W.  fault  which  dips  85°  W.,  and  along  which  there  is  a  short  drift  to 
the  north.  The  fault  movement  has  apparently  been  normal,  and 
has  probably  shifted  the  vein  a  considerable  distance  to  the  north. 
Beyond  the  fault  the  adit  continues  into  a  zone  of  broken  and  dis- 
turbed rocks. 

The  vein  ranges  from  1  foot  to  3  feet  in  width  and  is  composed  of 
quartz  and  iron  oxides  derived  most  probably  from  pyrite.  As  a 
rule  the  iron  oxides,  which  constitute  the  valuable  portion,  form  a 
streak  in  the  middle  of  the  vein  that  ranges  from  a  few  inches  to  a 
foot  or  two  in  width.  At  80  feet  from  the  portal  a  stope  30  feet  long 
begins  that  extends  nearly  to  the  surface  and  is  said  to  have  yielded 
a  moderate  quantity  of  ore  worth  about  $80  a  ton  in  gold. 

A  short  distance  north  of  the  Lynx  tunnel  a  small  working  exposes 
25  feet  of  soft  material  that  is  rich  in  earthy  iron  oxides  and  is  said 
to  contain  fragments  of  copper  ore.  This  deposit  adjoins  a  small 
body  of  intrusive  granodiorite  and  has  the  appearance  of  decom- 
posed garnet  rock  like  that  of  the  contact-metamorphic  deposits  at 
Top  o'  Deep. 

TOP  O'  DEEP  DISTRICT. 
HISTORY  AND  FRODVCTIOK. 

In  the  basin  at  the  head  of  Deep  Creek  small  gold-bearing  quartz 
veins  were  uncovered  by  placer  mining  as  early  as  1866.  At  differ- 
ent times  since  then  some  of  them  have  been  mined  to  shallow  depths, 
and  work  was  done  also  on  the  copper-bearing  contact-metamorphic 
bodies  in  the  hills  around  the  basin.  In  the  summer  of  1916  only 
one  mine — ^the  Moimtain — ^was  being  worked.  Most  of  the  claims  in 
the  district  are  patented,  and  the  idleness  of  some  of  them  is  said 
to  be  caused  by  litigation.  Altogether  the  lodes  have  3rielded  about 
$50,000,  of  which  much  the  greater  part  was  in  gold  and  the  re- 
mainder in  copper. 

OEOOBAPHY  AND  OEOLOOT. 

Deep  Creek  heads  in  a  small  basin  about  6,000  feet  above  the  sea. 
Slopes  that  border  it  on  the  east,  north,  and  west  rise  gently  500  feet 
or  more  to  a  rather  broad,  undulating  divide,  beyond  which  the 
drainage  goes  to  Weasel  Gulch  on  one  side  and  Elk  Creek  on  the 
other.    The  summit  north  of  the  basin  has  an  average  elevation  of 
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6,650  feet,  and  one  point  to  the  east  reaches  6,826  feet.  A  short  dis- 
tance away  from  the  divide  the  streams  descend  into  deep,  narrow 
valleys,  and  the  surface  in  general  becomes  steep  and  rugged. 

The  Deep  Creek  basin  is  almost  wholly  occupied  by  an  intrusive 
body  of  granodiorite  that  has  come  up  through  limestone.  The  ex- 
posed portion  of  this  body  has  a  rougjily  circular  form,  is  about  a 
mile  across,  and  extends  northward  over  the  divide  into  Weasel 
Gulch.  Field  evidence  shows  the  exposure  to  be  the  top  of  a  mass 
that  expands  in  depth  and  is  probably  connected  beneath  the  surface 
with  the  main  granitic  body  exposed  at  Garnet.  There  is  reason  to 
believe  that  before  it  was  uncovered  by  erosion  the  granodiorite  mass 
projected  but  little  higher  than  the  present  rim  of  the  basin.  Deep 
Creek  has  cut  down  into  it  700  feet  or  more. 

As  a  rule,  to  a  distance  of  several  hundred  feet  from  the  contact 
the  limestone  is  changed  to  a  white  marble,  and  portions  on  the  top 
and  upper  slopes  o£  thiB  intrusive  body  are  replaced  by  a  rock  com- 
posed of  garnet,  magnetite,  and  other  contact-metamorphic  minerals. 
North  and  east  of  the  Deep  Creek  basin  is  an  area  of  andesite  lava, 
a  formation  not  known  to  contain  valuable  mineral  deposits  in  this 
region. 

LODES. 
CLASSIFICATION. 

• 

The  lodes  in  the  Top  o'  Deep  district  form  two  groups  that  are 
distinct  in  age,  origin,  and  character.  The  older  deposits,  of  which 
the  Mountain  is  an  example,  ure  masses  of  garnet  and  other  meta- 
morphic  substances  that  contain  copper  minerals  and  occur  in  lime- 
stone next  to  the  intrusive  granodiorite.  Quartz  veins  formed  by 
replacement  along  fractures  that  cut  the  granite  and  the  metamorphic 
bodies  also  form  a  later  group,  chiefly  valuable  for  gold. 

CONTACT-MKTAMOBPHIC    DEPOSITS. 

General  character, — The  metamorphic  bodies  are  most  abundant  in 
high  situations  and  rather  significantly  absent  along  Deep  Creek 
and  Weasel  Gulch  at  the  lowest  exposed  portions  of  the  contact- 
From  the  Red  Rock  mine  they  extend  northward  about  a  mile,  and 
they  also  form  a  shorter  chain  along  the  west  side  of  the  granodiorite 
at  the  Mountain  mine. 

In  detail  the  metamorphic  bodies  are  irregular,  but  as  a  rule  their 
gi'eatest  dimensions  are  parallel  with  the  contact.  The  body  on 
which  the  Boston  mine  is  located  is  bent  in  the  form  of  a  crescent  and 
is  almost  completely  surrounded  by  the  granodiorite.  It  is  3,000 
feet  or  more  in  length  and  about  500  feet  in  extreme  width,  and  the 
rather  meager  information  afforded  by  underground  workings  shows 
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it  to  taper  downward  like  a  blunt  wedge.  The  body  at  the  Pearl 
mine  is  from  10  to  50  feet  wide  and  at  least  300  feet  deep.  Its  length 
is  not  shown,  but  it  doubtless  extends  with  some  breaks  as  far  south 
as  the  Red  Rock,  a  distance  of  half  a  mile.  Although  very  irregular 
in  detail,  the  boundaries  of  these  metamorphic  bodies  appear  to  be 
generally  sharp  and  distinct.  No  gradual  change  from  the  rock  that 
is  chiefly  garnet  and  magnetite  to  granodiorite  on  one  hand  or  lime- 
stone on  thcr  other  was  observed.  A  flinty  quartz  that  is  commonly 
red  or  brown  with  iron  oxides  forms  bodies,  closely  associated  with 
the  metamorphic  mass  and  rather  indefinitely  separated  from  the 
limestone.  In  places  the  metamorphic  bodies  faintly  show  a  banded 
structure  caused  by  a  partial  segregation  of  the  minerals  in  layers. 

Ore  shoots, — Copper  minerals  appear  to  be  rather  generally  but 
sparingly  distributed  through  the  metamorphic  bodies.  An  average 
sample  from  a  pit  on  an  outcrop  in  the  Red  Rock  claim  is.  reported 
to  have  assayed  1.5  per  cent  copper,  and  a  2-foot  streak  in  the 
Mountain  mine  is  reported  to  contain  from  5  to  8  per  cent  copper. 
The  streak  in  the  Mountain  mine,  however,  is  not  sharply  separated 
from  the  leaner  portions  of  the  mass,  and  not  enough  work  has 
been  done  to  show  its  limits. 

The  gold-copper  ore  shoots  worked  in  the  Pearl  mine,  although  in- 
closed in  a  metamorphic  body,  belong  mainly  to  a  later  quartz  vein 
and  are  described  in  succeeding  pages. 

Mineralogy. — ^In  the  following  list  the  minerals  of  the  metamor- 
phic deposits  are  classified  as  primary  and  secondary,  according  to 
whether  they  were  deposited  originally  in  the  lodes  or  were  formed 
later: 

PRIMARY    MINERALS. 

Pyrite Sparingly  disseminated  grains  Inclosed  by 

garnet  and  magnetite. 

Chalcopyrlte Irregularly    distributed    grains    Intergrown 

with  garnet  and  magnetite. 

Quartz Locally  abundant  and  flinty,  replacing  lime- 
stone. 

Magnetite Next  to  garnet  the  most  abundant  mineral  of 

the  deposits.  For  the  most  part  it  has  a 
rather  fine  granular  texture,  but  in  places 
it  forms  good-sized  tabular  crystals. 

Calclte Absent  from  the  lodes  generally  but  occurs 

in  places  as  rather  large  crystals  Inclosing 
green  hornblende  and  other  minerals.  The 
marbleized  limestone  is  made  up  chiefly  of 
rather  coarse  calclte  grains. 

Garnet Forms  the  bulk  of  the  deposits  and  Is  chiefly 

the  brown  llme-lron  variety,  andradlte. 
Occurs  in  compact  granular  masses  but 
also  shows  well-developed  crystal  faces, 
some  of  which  are  an  Inch  across. 
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Epidote Abundant  and  generally  fine  gralne<l.    Occurs 

tbroughout  the  deposits,  and  also  in  parts 
of  the  adjacent  limestone. 

Actinolite  ({jreen  liornblende)  __  Observed  in  one  place  only  where  it  Is  inter- 
grown  with  epidotQ.  Occurs  in  parts  of 
the  adjacent  limestone. 

Tremolite  (white  hornblende)..  Locally   abundant   as   radial   aggregates    lu 

limestone  near  the  contact 

SECONDARY  MINEBALS. 

Native  gold In  cavities  in  boulders  of  metamorphic  rocks 

found  in  Bilk  Gulch.  Adheres  lightly  to 
the  faces  of  garnet  crystals  and  is  asso- 
ciated with  chrysocolla.  Is  thought  to 
have  been  introduced  into  the  metamorphic 
body  by  the  later  quartz  veins  and  to  have 
migrated  when  the  veins  were  oxidized. 

Chalcocite Pills  small  cracks  in  chalcopyrite  from  the 

Pearl  mine.  Apparently  produced  by 
downward  enrichment 

Chalcedony Lines  small  cavities  and  is  abundant  In  the 

limestone  adjacent  to  the  metamorphic 
bodies. 

Iron  oxides Abundant  in  the  weathered  portions  of  the 

lodes.  Produced  by  the  decomposition  of 
magnetite  and  iron-bearing  silicates  and 
sulphides. 

Copper  oxides A  black  oxide  (tenorite?)  stains  specimens 

from  the  Pearl  mine. 

Malachite Forms  thin  coatings  and  crusts  in  the  upper 

portion  of  the  lodes.  Observed  in  places  to 
be  forming  from  chrysocolla. 

Chrysocolla Valuable  as  an  ore  mineral.    Fills  seams  and 

small  cavities  in  the  upper  portions  of  the 
lodes.  Produced  by  the  weathering  of 
chalcopyrite  and  the  accompanying  sili- 
cate minerals. 

Alteration  and  genesis. — Some  of  the  metamorphic  bodies  are  con- 
siderably decomposed  at  the  surface,  the  garnet  and  other  silicates 
having  broken  down  to  an  ocherous  clayey  mass  and  even  the  mag- 
netite appearing  to  have  changed  to  limonite.  These  changes,  how- 
ever, do  not  extend  downward  more  than  a  few  feet.  Most  of  the 
metamorphic  bodies  show  rather  fresh  garnet  and  other  silicates  as 
well  as  magnetite  at  the  surface.  As  a  rule,  oxidation  of  the  copper- 
bearing  sulphides  is  well  in  advance  of  any  extensive  disintegration 
of  the  other  minerals  but  appears  to  be  accompanied  by  a  partial 
destruction  of  the  garnet.  Chrysocolla  appears  everywhere  to  be 
the  chief  oxidation  product  and  to  have  migrated  from  its  places  of 
origin  to  the  crystal-lined  vugs  or  other  cavities  that  are  numerous  in 
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the  deposits.  Locally  native  gold  is  so  intimately  associated  with 
chrysocolla  that  the  two  appear  to  have  been  carried  by  the  same 
Milntion.  At  the  surface  the  chrysocolla  appears  to  be  unstable,  for 
it  is  commonly  observed  passing  directly  into  malachite.  In  places 
the  chrysocolla  has  been  carried  down  below  the  unoxidized  chal- 
copyrite.  At  a  depth  of  40  feet  in  the  Mountain  mine  the  two  min- 
erals overlap,  forming  an  enriched  zone,  the  extent  of  which,  how* 
ever,  is  not  jmown.  Doubtless  similar  zones  have  been  formed  in 
the  other  lodes. 

A  significant  fact  concerning  the  metamorphic  bodies  is  their  group- 
in  g  around  the  higher  portions  of  the  granodiorite  body.  The  Bos- 
ton, Hartford,  and  others  of  the  largest  outcrops  are  at  the  very  sum- 
mit of  the  intrusive  mass,  and  the  Mountain,  Pearl,  and  the  remain- 
ing deposits  of  any  considerable  size  are  very  near  the  top.  At  low 
situations,  however,  as  where  Deep  Creek  and  Weasel  Gulch  leave  the 
granodiorite  area,  hardly  a  trace  of  a  metamorphic  body  such  as  the 
deposits  under  consideration  is  to  be  seen. 

The  metamorphic  bodies  were  evidently  derived  from  the  grano- 
diorite  by  heated  vapors  that  carried  large  quantities  of  iron  and 
silica  and  a  little  copper  into  the  limestone.  The  pressure  being  less 
at  the  top  of  the  intrusive  mass  than  elsewhere,  the  vapors  with  their 
mineral  burden  escaped  there  the  most  freely. 

Cancluriona, — ^Although  it  appears  that  none  of  these  lodes  are  more 
than  a  few  hundred  feet  deep,  many  are  extensive  enough  in  other 
directions  to  be  of  value  if  any  considerable  portions  of  them  are  of 
workable  grade.  As  the  distribution  of  the  copper  minerals  is  irregu- 
lar, the  exploration  of  these  lodes  has  to  be  carried  on  more  or  less 
blindly,  but  the  most  probable  situations  for  ore  are  the  zone  in  which 
the  chalcopyrite  and  chrysocolla  overlap  and  the  limestone  side  of  the 
metamorphic  body.  Wherever  present  this  enriched  zone  is  probably 
within  50  feet  of  the  surface.  In  several  other  mining  districts  ore 
i«i  found  most  abundantly  on  the  limestone  side  of  garnetiferous  de- 
posits, although,  so  far  as  the  writer  is  aware,  no  adequate  explana- 
tion of  this  has  been  advanced.  Development  work  is  not  extensive 
enough  to  determine  whether  or  not  this  rule  applies  at  Top  o'  Deep, 
but  nevertheless  it  is  thought  advisable  to  explore  the  limestone  side 
carefully. 

Concentration  of  this  ore  would  be  difficult  because  of  the  heaviness 
of  the  gangue  minerals,  but  the  large  percentage  of  iron  may  be  gen- 
erally counted  upon  to  procure  favorable  smelter  rates. 

QUABTZ  VEINS. 

Many  small  quartz  veins  cut  the  granodiorite  body  at  the  head  of 
I>eep  Creek  and  occur  also  in  the  metamorphic  rocks  on  the  divide 
between  that  stream  and  Bilk  Gulch.    Most  of  them  are  but  an  inch 
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or  two  wide,  and  they  show  a  variety  of  strikes  and  dips.  A  few 
attain  widths  of  a  foot  or  more  and  contain  small  but  rich  bodies  of 
gold  ore.  In  part  the  quartz  has  replaced  the  wall  rock  along  frac- 
tures or  shear  zones,  and  in  part  it  has  filled  open  spaces,  as  is  shown 
by  the  growth  of  free  crystals  outward  from  the  walls. 

Ore  bodies  from  a  few  inches  to  a  foot  or  more  in  thickness  and 
30  to  40  feet  in  length  and  depth  have  been  worked  in  the  upper  por- 
tions of  these  veins,  most  of  which  have  not  been  explored  more  than 
40  or  50  feet  below  the  surface.  In  the  Pearl  several  small  irregular 
ore  shoots  occur  between  the  surface  and  a  depth  of  200  feet,  the 
largest  one  above  the  100-foot  level.  On  the  Bed  Rock  and  Gold 
Leaf  ore  extended  from  the  ssarf ace  down  about  40  feet. 

Oxidation  is  complete  at  least  40  or  50  feet  below  the  surface  at  the 
Ked  Bock  and  to  a  somewhat  less  depth  at  the  Pearl. 

The  mineralogy  of  the  veins  is  simple.  Grains  and  small  masses  of 
pyrite  and  chalcopyrite,  both  presumably  gold  bearing,  together  with 
small  amounts  of  native  gold,  were  introduced  with  the  quartz.  In 
the  oxidized  ore  limonite  has  replaced  the  sulphides  and  commonly 
retains  the  crystal  form  of  pyrite.  Particles  of  native  gold  are  em- 
bedded in  the  limonite  but  in  some  specimens  are  inclosed  in  quartz 
without  any  accompanying  iron  minerals.  Chalcopyrite  is  rather 
abundant  in  the  Pearl  and  the  other  veins  that  cut  metamorphic  rocks 
but  apparently  is  not  plentiful  in  the  veins  in  granodiorite,  as  sug- 
gested by  the  scarcity  of  copper  stains  in  these  veins.  A  little  enrich- 
ment by  chalcocite,  copper  oxides,  and  chrysocolla  has  occurred  in  the 
Pearl.  It  may  have  been  caused,  however,  by  the  oxidation  of  copper 
minerals  introduced  with  the  metamorphic  deposit  as  well  as  from 
the  later  quartz  vein. 

Though  smaller  and  differing  somewhat  in  mineralogy,  the  quartz 
veins  are  similar  in  general  character  to  those  associated  with  grano- 
diorite near  the  town  of  Garnet.  They  are  thought  to  be  of  essen- 
tially the  same  age  and  likewise  an  effect  of  the  intrusive  magma. 
Because  of  their  small  size  these  veins  do  not  encourage  deep  explora- 
tion, although  they  are  doubtless  rich  to  considerable  depths.  Their 
importance  collectively  as  a  source  of  placer  gold  is  shown  by  the 
extensive  and  rich  gravels  in  the  gulches  below. 

laiTEB  AND  PBOBPEOTB. 

MOUNTAIN. 

The, Mountain  mine,  operated  in  1916  by  H.  P.  Hanifin,  is  on  the 
western  rim  of  the  basin  at  the  head  of  Deep  Creek,  at  an  elevation 
of  6,400  feet.  The  production  by  former  operators  of  a  carload  of 
ore  that  yielded  16  per  cent  of  copper  but  little  or  no  gold  and  silver 
is  reported,  and  ore  for  shipment  was  being  taken  out  by  Mr.  Hanifin 
in  September,  1916, 
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A  shaft  sunk  at  the  contact  between  intrusive  granodiorite  and 
limestone  penetrates  a  mass  composed  mainly  of  garnet,  magnetite, 
and  epidote.  At  a  depth  of  40  feet  drifts  aggregating  50  feet  in 
length  extend  north  and  south  from  the  shaft  and  show  the  meta- 
morphic  body,  which  may  be  regarded  as  the  lode,  to  be  at  least  10 
feet  wide.  A  few  workings  along  the  outcrop  indicate  the  probable 
length  of  the  lode  to  be  several  hundred  feet. 

The  most  abundant  ore  minerals  are  chalcopyrite  and  chrysocoUa. 
Malachite,  mainly  derived  from  the  alteration  of  chrysocoUa,  forms 
coatings  in  cracks  and  seams  but  is  not  abundant.  ChrysocoUa  fills 
seams  and  cavities,  some  of  which  are  tlv^  size  of  a  hickory  nut,  and 
is  widely  but  irregularly  distributed  through  the  lode.  At  the 
depth  of  40  feet  most  of  the  chrysocoUa  is  fresh,  compact,  and  of  a 
fine  turquoise-blue  color— quaUties  that  may  give  it  some  value  as 
a  gem  stone.  The  chrysocoUa  is  clearly  of  later  origin  than  the 
chalcopyrite  and  the  silicates  composing  the  gangue,  and  was  prob- 
ably derived  from  the  weathering  of  those  minerals.  Grains  of 
chalcopyrite  appear  here  and  there  at  the  40-foot  level  and  are  more 
abundant  than  elsewhere  in  an  irregular  iU-defined  streak  about  2 
feet  wide  that  is  not  far  from  the  limestone.  Samples  of  this  por- 
tion of  the  lode  are  said  to  assay  from  5  to  8  per  cent  of  copper. 
The  chalcopyrite  is  intergrown  with  the  garnet  and  magnetite  and 
apparently  came  into  the  lode  with  them.  Pyrite  occurs  also  as  a 
primary  mineral  intergrown  with  magnetite. 

The  brown  lime-iron  variety  of  garnet  known  as  andradite  forms 
the  bulk  of  the  lode.  Most  of  it  is  coarsely  granular  and  massive, 
but  weU-f ormed  crystal  faces  are  shown  in  the  numerous  small  cavi- 
ties in  the  rock.  The  magnetite  and  epidote  are  finer  grained,  and 
the  three  are  partly  intergrown  and  partly  segregated  in  rather 
indistinct  bands.    LocaUy  a  Uttle  quartz  is  associated  with  them. 

PBASL. 

The  Pearl  mine,  on  the  divide  between  Deep  Creek  and  Bilk 
Gulch,  is  reported  to  have  produced  about  $20/)00  worth  of  gold- 
copper  ore.  It  is  developed  by  a  vertical  shaft  300  feet  deep  from 
which  levels  have  been  run  at  depths  of  100,  150,  200,  and  300  feet. 
No  work  was  being  done  in  August,  1916,  and  the  mine  evidently 
had  been  idle  for  several  years. 

Open  pits  expose  a  deposit  of  gamet-magnetite-epidote  rock,  at 
the  contact  of  granodiorite  and  limestone.  The  garnet  is  the  brown 
lime-iron  variety  andradite  and  is  rather  coarse  grained.  The 
epidote  and  magnetite  are  finer,  and  the  three  are  intimately  inter- 
grown in  some  places  and  partly  segregated  in  others.  Here  and 
there  the  rock  contains  a  Uttle  quartz  sand.    ChrysocoUa  and  mala- 
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chite  fill  cracks,  seams,  and  small  cavities,  and  a  few  grains  of  iinoxi- 
dized  chalcopyrite  remain.  Irregular  bodies  of  flinty  quartz,  clouded 
with  iron  oxides,  occur  here  and  there  in  the  limestone  next  to  the 
metamorphic  body.  The  underground  workings  were  not  entered  by 
the  writer,  but  from  a  miner  familiar  with  them  the  following  facts 
were  learned :  The  contact  plane  is  very  irregular  and  has  an  average 
nearly  vertical  dip  under  the  limestone.  The  metamorphic  body 
ranges  from  10  to  50  feet  in  thickness.  At  the  100- foot  level  a  steeply 
inclined  ore  shoot  from  2  to  10  inches  thick  and  20  feet  long  was 
stoped  to  a  height  of  40  feet,  yielding  about  $15,000,  chiefly  in  gold. 
The  150- foot  level  cut  a  narrow  vertical  pipe  of  ore,  worth  from  $20 
to  $200  a  ton  in  gold  and  copper,  and  a  little  below  200  feet  the  shaft 
went  through  a  small  flat-lying  shoot  of  good  ore.  All  the  ore  bodies 
are  in  the  garnet,  but  at  no  regular  distance  from  either  the  granite 
or  the  limestone.  A  level  at  the  bottom  of  the  shaft  (800  feet) 
explored  the  granite  but  found  no  ore  of  consequence. 

Specimens  of  ore  said  to  have  come  from  the  shoots  mentioned  are 
portions  of  small  quartz  veins  cutting  the  garnet  irock.  Two  kinds  of 
quartz  occur — a  coarsely  crystalline  kind  that  incloses  sulphides  and 
a  compact  flinty  kin^  that  contains  chrysocoUa,  malachite,  and  copper 
oxides.  The  flinty  quartz  is  the  later  of  the  two  and  is  doubtless  sec- 
ondary, but  the  more  coarsely  crystalline  quartz  resembles  that  of  the 
gold-bearing  veinlets  in  the  gi*anodiorite.  It  incloses  groins  of  pyrite 
aftd  chalcopyrite,  and  in  one  specimen  fine  particles  of  gold  were 
observed  adhering  to  a  partly  oxidized  grain  of  chalcopyrite.  In 
addition  ohalcocite  fills  small  cracks  and  seams  in  the  ore.  The  Pearl 
lode  is  evidently  a  metamorphic  deposit  similar  to  the  Mountain, 
but  in  addition  it  is  cut  by  some  later  gold-bearing  quartz  veinlets. 
A  little  enrichment  in  copper  and  possibly  also  in  gold  has  occurred. 
In  Bilk  Gulch  below  the  Pearl  float  boulders,  described  on  page  237, 
in  which  gold  and  chrysocolla  are  found  together  in  cavities,  indixsate 
that  a  secondary  transfer  of  the  gold  has  taken  place  in  the  lode  from 
which  ^ese  boulders  oame. 

BOSaiDN,  HABTFORD»  AND  GOLDEN  ANGEL   (KLONDIKE) . 

A  short  distance  northwest  of  the  Pearl  mine,  on  the  hill  at  the 
head  of  Peep  Creek,  is  an  outcrop  of  gamet-magnetite-epidote  rock 
shaped  like  a  crescent  open  to  the  west.  This  body  is  about  3,000 
feet  long  and  500  feet  across  at  its  widest  part,  and  except  on  the 
east,  whei'e  a  aeck  joins  it  to  the  limestone,  it  is  entirely  surrounded 
by  granite.  Prospect  pits  here  and  there  show  copper-stained  rock 
similar  to  that  at  the  Pearl  and  Mountain  mines.  No  work  was  being 
done  an  this  deposit  in  August,  1916,  and  no  ore  shipments  are  re- 
ported.   Some  open  pits  and  a  shaft  on  the  Boston  claim  are  along 
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the  middle  part  of  the  crescentic  mass.  Here  a  copper-stained  out- 
crop 50  feet  across  stands  rather  prominently  above  the  general  sur- 
face. As  shown  by  the  natural  exposures,  the  open  pits,  and  the 
shaft  dump  the  body  is  composed  mainly  of  rather  coarse-textured 
brown  garnet  (andradite),  magnetite,  and  epidote,  named  in  their 
relative  order  of  abundance.  The  garnet  and  magnetite  are  inti- 
mately intergrown,  and  the  epidote  appears  generally  to  fill  inter- 
stitial spaces.  Cavities  are  lined  with  well-fgrmed  garnet  crystals 
covered  with  crusts  of  chrj^socoUa,  which  in  the  more  weathered  speci- 
mens may  be  s^n  with  the  aid  of  a  hand  lens  altering  directly  into 
malachite. 

Here  and  there  the  mass  is  cnt  by  irregular  quartz  veins  an  inch 
or  two  in  width  that  contain  a  little  pyrite  and  chalcopyrite.  In 
addition  a  flinty  red  and  brown  quartz  locally  replaces  the  garnet 
rock.  Oxidized  portions  of  these  veinlets  are  coated  with  chrysocoUa 
and  malachite,  and  some  specimens  contain  small  particles  of  native 
gold.  In  addition  the  metamorphic  rock  is  commonly  copper  stained, 
though  no  unoxidized  chalcopyrite  was  seen  in  it.  The  shaft  is  said 
to  be  100  feet  deep  and  to  have  ended  in  granite. 

On  the  Hartford  and  Golden  Angel  claims,  on  the  northern  and 
southern  horns  of  the  crescent,  respectively,  the  workings  show  the 
results  of  mineralization  similar  to  that  at  the  Boston.  At  the  Golden 
Angel  green  hornblende  (actinolite)  occurs  in  addition  to  the  other 
metamorphic  minerals,  and  the  contact  plane,  as  shown  by  a  shaft 
100  feet  deep,  is  said  to  dip  steeply  under  the  metamorphic  body. 

No  assays  showing  the  amounts  of  copper  and  gold  in  any  of  these 
deposits  are  available,  but  some  of  the  rock  looks  rich  enough  to 
justify  careful  sampling. 

BED  BOCK. 

The  most  extensively  developed  quartz  vein  in  this  district  is  the 
Red  Eock,  near,  the  eastern  edge  of  the  granodiorite,  about  a  quarter 
of  a  mile  above  the  old  mining  camp  of  Top  o'  Deep.  Ore  from  the 
Red  Rock  worked  in  an  arrastre  is  said  to  have  yielded  between 
$10,000  and  $12,000  in  gold.  The  workings  consist  of  open  cuts,  tun- 
nels, and  drifts,  most  of  which  are  caved  and  which  explored  the 
vein  along  the  outcrop  for  500  feet  or  more.  The  vein  has  a  nearly 
flat  dip  and  is  about  a  foot  in  average  width,  and  its  quartz  is  not 
unlike  that  of  the  Cascade  vein,  near  Garnet.  Limonite  is  abundant 
as  earthy  masses,  stains,  and  scattered  grains,  some  of  which  still 
preserve  the  crystal  form  (cube)  of  the  pyrite  from  which  they  were 
derived.  In  specimens  broken  from  the  vein  small  particles  of  gold 
were  seen  embedded  in  the  limonite,  particularly  in  the  cubelike 
grains.  The  gold  is  said  to  be  more  or  less  concentrated  in  spots  or 
pockets,  some  of  which  were  very  rich.    The  wall  rock  is  largely 
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altered  to  a  felty  mass  of  very  fine  mica  (sericite),  and  is  deeply 
stained  with  oxides  of  iron. 

.  Along  the  contact  near  the  center  of  the  Red  Rock  claim  pits  show 
6  feet  or  more  of  soft  earthy  limonite  that  is  plainly  decomposed 
garnet-magnetite  rock.  Farther  north  along  the  contact  other  pits 
expose  a  copper-stained  body  of  garnet  rock  and  silicified  limestone 
that  is  said  to  assay  1.5  per  cent  of  copper. 

Much  of  the  silicified  limestone  resembles  vein  quartz  to  the 
unaided  eye,  and  has  been  excavated  in  the  expectation  of  finding 
gold  but  without  success.  Under  the  microscope  it  is  seen  to  be 
composed  of  very  fine  grained  quartz  and  opal,  thickly  clouded  in 
places  with  iron  oxides.  It  is  much  finer  textured  than  the  gold- 
bearing  vein  quartz,  and  was  apparently  formed  by  replacement 
of  the  limestone  when  the  garnet  rock  was  introduced. 

GOLD  LEAF. 

The  Gold  Leaf  mine  is  in  granodiorite  about  a  quarter  of  a  mile 
north  of  the  Red  Rock  or  half  a  mile  north  of  Top  o'  Deep.  Several 
open  cuts  and  an  incline  said  to  be  40  feet  deep  are  made  on  a 
quartz  vein  that  ranges  from  a  few  inches  to  a  foot  in  width  and  is 
similar  in  composition  and  texture  to  the  Red  Rock  vein.  "  Cubes  " 
and  irregular  masses  of  limonite  containing  fine  particles  o^  free 
gold  occur  in  it,  and  some  of  them  show  unoxidized  kernels  of  pyrite 
and,  rarely,  of  chalcopyrite.  An  open  cut  100  feet  long  made  on  the 
outcrop  is  said  to  have  yielded  $7,000  from  ore  worked  in  an  arrastre. 
The  wall  rock  is  extensively  sheared,  altered,  and  rusty,  and  is  said 
to  assay  $2  or  $3  a  ton  in  gold. 

COPPER  CLIFF  DISTRICT. 
HI8T0BY  AND  PBODUOTZOK. 

A  small  but  very  interesting  district  known  by  the  name  of  its 
principal  mine,  the  Copper  Cliff,  lies  along  the  main  divide  about 
0  miles  in  an  air  line  west-southwest  of  Garnet.  It  is  reached  from 
Bonita  station  on  the  Northern  Pacific  and  Chicago,  Milwaukee  & 
St.  Paul  railways  by  a  good  road,  10  miles  long,  up  Cramer  Creek. 
There  are  also  less-traveled  roads  to  Copper  Cliff  from  Bearmouth, 
another  station  on  the  railways  mentioned,  and  from  Potomac,  a 
town  on  the  main  highway,  up  the  Blackfoot  Valley. 

Since  the  discovery  of  the  Copper  Cliff  lode  in  1891,  which  caused 
n  mild  excitement  at  the  time,  mining  has  been  rather  spasmodic. 
The  total  production  is  about  150,000  pounds  of  copper  and  very 
small  amounts  of  gold  and  silver. 
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OEOOSAFHY. 

The  general  surface  features  at  Copper  Cliff  are  similar  to  those 
at  Garnet,  Coloma,  and  other  places  along  the  summit  of  the  Garnet 
Range.  The  main  divide  and  its  most  prominent  spurs  are  renmants 
of  an  ancient  flat  or  gently  hilly  surface  into  which  the  streams  have 
cut  deep  gulches  from  either  side.  The  general  summit  level  at 
Copper  Cliff,  however,  is  about  5,600  feet,  or  500  to  .1,000  feet  lower 
than  is  usual  in  the  Garnet  Kange — a  difference  that  is  significant 
of  warping  or  other  structural  deformation  of  the  ancient  surface. 
The  mining  area  lies  just  north  of  the  watershed,  extending  from  the 
summit  level  down  a  short  gulch  that  empties  into  Union  Creek  not 
far  below  its  head.  Below  the  Copper  Cliff  the  gulch  is  steep, 
narrow,  and  straight,  having  a  course  of  N.  50°  E.,  but  the  small 
portion  above  the  mine  is  crooked,  flat,  and  open  toward  the  head. 
The  noticeable  feature  of  this  gulch  is  the  Cliff,  a  huge  upright  slab  of 
rock  at  the  foot  of  the  slope  on  the  left  and  about  a  third  of  the  way 
downstream  from  the  head.  From  a  viewpoint  across  the  gulch  its 
nearly  vertical  front  is  seen  to  be  criss-crossed  and  deeply  scored 
by  joints  and  fractures  and  pitted  with  small  caves.  Its  general 
tone  is  a  somber  gray,  but  here  and  there  are  patches  and  streaks 
of  bright  yellow  and  turquoise-blue,  and  the  whole,  framed  by  ever- 
green trees,  forms  a  striking  and  beautiful  picture.  The  North 
Fork  of  Cramer  Creek  heads  just  across  the  divide  from  Copper 
(^liff  Gulch  and  flows  in  the  opposite  direction,  the  two  valleys  falling 
in  line,  a  fact  thought  to  be  of  importance  in  the  interpretation  of  the 
structure.     (See  p.  217.) 

OEOLOOY. 

The  rocks  of  the  Copper  Cliff  district  are  a  group  of  ancient 
sandstones  and  shales  (Algonkian  Belt  series)  and  limestone  (Cam- 
brian) that  normally  overlies  them.  There  are  also  a  few  small 
bodies  of  porphyry,  but  no  other  igneous  rocks  are  known  nearer 
than  the  head  of  Tenmile  Creek,  2  miles  away,  where  there  is  an 
outcrop  of  granodiorite.  The  sandstone  is  generally  fine  grained, 
thin  bedded,  and  pale  brown,  drab,  or  red  and  shows  a  little  fine 
white  mica.  It  grades  into  shale  on  one  hand  and  quartzite  on  the 
other.  The  limestone  is  fine  grained,  compact,  and  lead-gray,  but 
weathers  to  lighter  shades. 

In  general  the  sedimentary  rocks  of  the  Copper  Cliff  locality  dip 
gently  southwestward,  for  they  lie  well  up  on  the  southwest  limb  of 
an  anticline  that  may  be  traced  several  miles  in  a  northwesterly  direc- 
tion. At  the  Copper  Cliff  mine  and  in  its  immediate  vicinity,  how- 
ever, all  other  structural  features  are  subordinate  to  faults,  of  which 
the  most  prominent  are  within  a  belt  1,000  feet  or  more  wide  that 
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trends  northeast,  coinciding  with  the  courses  of  Copper  Cliff  Gulch 
and  the  North  Forli  of  Cramer  Creek,  It  is  to  be.  regretted  that  only 
the  larger  features  of  the  faults  can  be  described,  because  successful 
development  of  the  mines  depends  more  than  anything  else  upon  ? 
detailed  knowledge  of  the  faults. 


(Oot*nCf)fOt*^SK 


Fiauns  25. — Geologic  map  >pd 


o(  the  Tlclnlty  of  Copper  Clltr,  Garnet  Etanee,  Hont 


The  structure  at  Copper  Cliff  is  shown  in  generalized  fashion  by 
figure  25.  A  large  block  of  limestone  is  now  wedged  between  oppos- 
ing masses  of  the  sandstone  and  shnle  that  it  formerly  rested  upon. 
Some  parts  of  the  limestone  block  are  at  least  1,000  feet  below  their 
original  positions,  others  less,  but  all  have  been  dislocated  extensively. 
Most  of  the  dislocation  has  been  along  fractures  that  strike  N.  50°  E. 
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and  dip  steeply  to  one  side  or  the  other,  but  movements  have  occurred 
along  fractures  of  other  directions,  and  as  a  result  the  limestone  mass 
has  an  irregular  zigzag  outline.  Apparently  fractures  are  so  nu- 
merous witliin  the  belt  mentioned  that  the  whole  may  be  broadly 
viewed  as  a  fault  breccia.  So  far  as  the  downthrow  is  concerned,  the 
faulting  appears  to  have  been  normal — that  is,  the  hanging  wall  was 
dropped  relatively.  The  rocks  have  been  so  severely  crushed,  how- 
ever, that  the  mere  dropping  of  a  wedge-shaped  block  seems  hardly 
adequate  to  account  for  their  condition.  Great  pressure,  such  as  may 
be  conceived  would  be  developed  by  a  strong  thrust  causing  extensive 
horizontal  movements,  is  suggested  by  the  general  relations  of  the 
rocks.  That  this  fault  belt  is  a  persistent  structural  feature  is  indi- 
cated by  such  evidence  as  the  presence  of  breccia,  the  alignment  of 
the  North  Fork  of  Cramer  Creek  and  Copper  Cliff  Gulch,  and  a  break 
in  the  continuity  of  the  rocks  for  a  considerable  distance  down  the 
North  fork  of  Cramer  Creek.  Apparently  the  most  severe  faulting  has 
been  in  a  relatively  narrow  zone  on  the  northwest  side  of  the  lime- 
stone wedge  and  parallel  to  the  face  of  the  Cliff.  Here  underground 
workings  expose  at  least  three  large  fault  fissures  that  contain  from 
10  to  20  feet  or  more  of  gouge  and  fine  breccia.  The  principal  slip 
planes  in  them  have  an  average  northeasterly  direction  and  dip 
steeply  one  way  or  the  other.  As  a  rule  none  of  them  have  well-defined 
waUs,  owing  to  cross  fractures  and  the  more  or  less  crushed  condition 
of  all  the  rocks.  One  of  them,  however,  appears  to  dip  80^  NW.  and 
the  others  at  about  the  same  angle  in  the  opposite  direction.  On  the 
southeast  side  of  the  limestone  wedge  a  similar  fault  that  dips  60^ 
NW.  and  carries  10  feet  or  more  of  crushed  material  is  shown  at  the 
Leonard  mine.  Other  faults  are  less  well  exposed  to  examination, 
but  unmistakable  evidence  of  them  is  shown  by  practically  all  the 
numerous  prospect  pits.  The  Cliff  itself  is  a  mass  of  brecciated  rock, 
which,  unlike  that  of  the  faults  just  described,  has  been  so  tightly 
cemented  that  it  is  more  resistant  than  even  the  quartzitic  sandstone 
near  by.  Smaller  masses  of  similar  breccia  occur  at  the  Leonard  and 
Tiger  mines  and  elsewhere,  all  of  which  appear  to  have  been  shifted 
by  fault  movements.  Workings  that  extend  partly  under  the  Cliff,  al- 
though not  carried  far  enough  to  prove  that  the  brecciated  mass  is 
completely  cut  off,  show  plainly  that  it  does  not  extend  vertically 
downward,  and  that  it  is  in  all  probability  shifted  greatly. 

The  evidence  is  clear  that  these  cemented  breccias  are  older  than 
the  open  faults  described  and  were  doubtless  produced  by  extensive 
€;arlier  faulting  or  similar  def ormative  movements.  As  distributed  at 
present  they  do  not  trend  in  any  particular  direction,  and  the  former 
course  of  the  fault  or  faults  that  produced  them  is  not  known. 

82153*»— 18— Bull.  660 16 
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LODES. 
CHARACTER  AND  COMPOSITION. 

The  fault  breccias,  both  loose  and  consolidated^  contain  ore  min- 
erals and  may  be  regarded  as  the  lodes.  So  far  as  is  known,  the 
mineral-bearing  portions  of  them  are  within  an  area  not  over  half 
a  mile  long  from  southwest  to  northeast  and  a  quarter  of  a  mile  wide. 

The  consolidated  breccias  are  made  up  of  angular  fragments  of 
fine-grained  quartzite  or  silicified  shale  and  a  very  abxmdant  cement 
of  quartz  carrying  more  or  less  sulphides.  The  quartz  appears  more 
like  flint  or  chert  than  that  which  ordinarily  fills  the  veins  of  the 
region.  The  microscope  shows  it  to  be  crystalline  but  extremely 
fine  grained  and  containing  shadowy  outlines  of  rock  fragments  tiiat 
it  has  replaced.  Here  and  tiiere  are  indistinct  forms  of  radiated 
crystals  suggesting  that  the  quartz  has  gradually  changed  from  the 
amorphous  or  opaline  to  the  chalcedonic  form.  A  large  volume  of 
this  fine  quartz  was  introduced  throughout  the  mineralized  area,  but 
it  did  not  invade  the  unbroken  quartzite  or  limestone  extensively. 

Of  the  sulphides  pyrite  is  as  usual  the  most  widely  distributed  and 
abundant.  Part  of  it  is  of  moderately  coarse  texture,  and  after  it 
came  into  place  it  was  broken  and  penetrated  by  veinlets  of  the  flinty 
quartz  and  the  minerals  that  came  with  it. 

Enargite  (arsenical  sulphide  of  copper),  an  antimonial  mineral 
that  is  probably  famatinite  (antimonial  sulphide  of  copper),  and 
pyrite,  all  generally  occurring  in  microscopic  grains,  are  intimately 
associated  with  the  flinty  quartz.  Some  crystals  of  enargite  are 
coarse  enough  to  be  recognized  with  a  hand  lens,  and  here  and  there 
the  mixture  is  rich  enough  in  sulphides  to  be  scratched  with  a  knife, 
but  commonly  the  material  appears  to  the  unaided  eye  as  nothing 
more  than  a  cloudy-black  chalcedony.  Even  under  the  microscope 
the  sulphides  in  some  specimens  appear  as  a  dust  clouding  the 
quartz,  the  particles  being  so  fine  that  their  nature  is  determinable  by 
chemical  tests  only.  A  little  chalcocite  was  recognized  in  some  speci- 
mens, but  it  does  not  seem  to  occur  generally  or  abundantly  in  the 
deposits,  and  whether  it  is  primary  or  secondary  was  not  made  out. 

Oxidation  has  penetrated  the  consolidated  breccias  only  a  slight 
distance.  Weathered  surfaces  show  the  usual  iron  and  copper  stains, 
and  on  the  Cliflf  there  are  crusts  of  a  bright-blue  phosphate  of  copper. 
Some  of  the  partly  oxidized  ore  shows  a  little  arsenate  of  copper^  the 
mineral  species  of  which  was  not  determined,  and  crystals  of  phar- 
macosiderite  (iron  arsenate)  were  detected  in  vugs. 

The  metallic  content  of  the  deposits  is  irregular,  and  no  very  defin- 
nite  ore  shoots  have  been  located.  A  quarry  face  at  the  north  end  of 
the  Cliff  is  said  to  average  2.5  per  cent  of  copper,  and  selected  small 
portions  are  evidently  much  richer.    A  carload  of  ore  that  averaged 
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22  per  cent  of  copper  is  said  to  have  come  from  a  large  boulder  or 
detached  mass  found  by  drifting  on  the  "  black  vein  "  60  feet  below 
the  surface.  As  a  whole,  the  Cliff  probably  does  not  contain  more 
than  1  per  Cent  of-  copper.  At  the  Leonard  and  Tiger  mines  there 
is  a  consolidated  breccia  ore  of  a  similar  range  in  composition. 

The  loose  or  unconsolidated  breccias  are  made  up  of  soft,  finely 
crushed  material  derived  in  part  from  the  hard  breccias  and  in  part 
from  the  country  rock.  The  principal  workings  in  the  Copper  Cliff 
and  Leonard  mines  are  in  oxidized  loose  breccias  that  contain  abun- 
dant earthy  iron  oxides,  malachite,  and  azurite.  These  bodies  are 
large,  but  the  limits  and  positions  of  the  parts  that  may  be  regarded 
as  ore  are  not  known.  Selected  shipments  have  yielded  10  per  cent 
or  more  of  copper.  In  the  red-ore  vein  at  the  Copper  Cliff  mine 
oxidation  extends  at  least  150  feet  below  the  bed  of  the  gulch,  but 
the  adjacent  black-ore  vein,  though  fully  as  permeable  as  the  other, 
is  not  oxidized  even  above  the  natural  drainage  level.  Evidently 
these  anomalous  conditions  were  produced  by  recent  faulting. 

GENESIS. 

From  the  foregoing  data  the  history  of  the  deposits  is  interpreted 
as  follows: 

Movements,  probably  faulting,  crushed  the  rocks  locally,  making 
them  open  and  easily  traversed  by  water.  Mineral-bearing  solutions 
entering  from  below  healed  the  fractures,  cementing  them  with  opal- 
ine quartz  and  at  the  same  time  introducing  the  sulphides.  After  the 
breccias  had  been  tightly  closed  and  cemented  they  were  broken  by 
strong  northeasterly  faults  and  subordinate  fractures  of  other  direc- 
tions, repeated  movements  on  which  have  extensively  shifted  the  brec- 
cias and  the  country  rocks  and  jumbled  them  all  together.  Oxidation 
commenced  with  this  faulting  and  has  continued  to  the  present  time, 
recent  faulting  having  occurred  also,  as  shown  by  downthrown 
oxidized  material. 

Enargite  is  not  known  as  a  mineral  deposited  from  cold  sulphate 
solutions,  and  nothing  in  its  occurrence  at  Copper  Cliff  suggests  that 
it  has  other  than  a  deep-seated  origin.  In  the  mineralogy,  and  par- 
ticularly in  the  texture  of  the  quartz,  the  deposits  at  Copper  Cliff  are 
similar  to  certain  ore  bodies  at  Tintic,  Utah,  regarded  by  Lindgren  ^ 
as  replacements  by  "  colloidal  silica  "  that  later  crystallized  to  chal- 
cedony and  quartz.  Enargite  and  other  sulphides  accompanied  the 
silica,  and  these  fine-textured  bodies  are  at  the  outer  end  of  a  series 
of  deposits  clearly  derived  from  intrusive  granitic  rock.  Therefore 
it  is  thought  that  the  Copper  Cliff  deposits  have  not  been  deeply  cut 

^  LlndgreD.  Waldemar,  Processes  of  mineralization  and  enrichment  In  the  Tlntlc  mining 
district,  Utah:  Econ.  Geology,  vol.  10.  pp.  225-240.  1915. 
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away  by  erosion  and  may  be  reasonably  expected  to  continue  to  a 
considerable  depth,  subject,  of  course,  to  shifting  by  faults.  Further- 
more, enriched  ore  is  ordinarily  to  be  expected  below  gossans  such  as 
the  red-ore  body  at  the  Copper  Cliff  mine,  subject  again  to  having 
been  moved  or  destroyed  by  faults.  In  fact,  it  appears  that  faulting 
is  the  chief  drawback  of  these  deposits,  which  otherwise  show  -en- 
couraging features.  Doubtless  in  depth  the  rocks  are  less  shattered 
and  the  faulting  more  uniform  than  in  the  loose  superficial  zone  so 
far  explored.  An  exhaustive  study  of  the  structure  in  the  mineral- 
bearing  area  and  adjoining  territory,  made  hand  in  hand  with  the 
underground  work,  is  absolutely  necessary  to  the  successful  develop- 
ment of  these  somewhat  unusual  and  promising  deposits. 

MINES  AND  PK08PE0T8. 

COPPEB  CUFF. 

The  Copper  Cliff  mine  is  in  the  upper  part  of  a  short,  steep  gulch 
tributary  to  Union  Creek  from  the  southwest.  In  the  bed  of  the 
gulch,  at  an  elevation  of  about  5,100  feet,  a  shaft  has  been  sunk  150 
feet,  and  adit  levels  have  been  run  toward  it  from  points  300  and  700 
feet  downstream  and  respectively  80  and  200  feet  lower.  In  addition 
a  short  adit  is  nm  northward  from  the  gulch  at  a  point  40  feet  lower 
than  the  shaft  collar,  and  there  are  several  drifts  and  crosscuts,  mak- 
ing in  all  about  1,500  feet  of  underground  workings.  The  adits  de- 
scribed as  40,  80,  and  200  feet  lower  than  the  shaft  collar  are  known, 
respectively,  as  Nos.  1,  2,  and  3.  The  shaft  and  adit  No.  2  are  con- 
nected, but  in  September,  1916,  adit  No.  3,  which  was  being  driven 
toward  the  shaft,  still  lacked  300  feet  of  reaching  a  point  directly 
beneath  it. 

The  Copper  Cliff  lode  was  discovered  about  1890  by  W.  P.  Shipler 
and  later  purchased  by  an  English  company  that  did  most  of  the  de- 
velopment work  described  above.  In  recent  years  it  has  been  idle 
most  of  the  time,  but  in  1916  it  was  being  further  developed  by 
Bielenberg  &  Higgins  under  lease  and  bond.  Smelter  certificates 
for  the  period  1905-1910  show  a  total  of  310  tons  of  ore  shipped  to 
Tacoma,  Wash.,  that  yielded  about  77,000  pounds  of  copper  and  a 
little  gold  and  silver. 

The  formation  is  quartzite,  shale,  and  limestone  that  have  been 
faulted  together,  the  limestone  forming  a  downthrown  block  in  which 
most  of  the  mine  workings  have  been  made.  In  the  lower  adit  and 
at  some  other  places  near  by  there  are  small  blocks  of  porphyry,  ap- 
parently broken  from  a  dike  or  other  intrusive  body. 

For  a  width  of  at  least  1,000  feet  the  rocks  bear  evidence  of  re- 
peated intense  fault  movements  along  northeasterly  ft^ictures. 
Locally  the  crushing  and  dislocations  have  been  the  most*  severe  in 
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narrow  zones  in  which  the  rocks  are  ground  almost  to  a  pulp.  Faults 
and  slips  of  other  directions  are  numerous  but  apparently  not  so 
extensive  as  the  northeast  ones.  They  show  no  general  arrangement 
or  grouping  but  serve  to  complicate  the  structure  in  no  small  degree. 
In  addition  there  were  older  faults  that  became  healed  or  cemented 
before  the  younger  ones  were  made.  They  have  been  so  obscured, 
however,  by  the  later  deformation  that  their  courses  and  dimensions 
were  not  made  out-  The  principal  evidences  of  their  existence  are 
detached  masses  of  breccia,  of  which  the  Cliff  is  the  most  prominent 
example.  This  interesting  outcrop  is  situated  on  the  west  side  of  the 
gulch  between  the  shaft  and  the  company's  office.  It  has  a  length  of 
about  300  feet  and  rises  150  feet  from  the  gulch  channel.  Its  front, 
which  has  an  average  slope  of  70^,  faces  the  southeast.  Other 
smaller  masses  of  cemented  Ifreccia  are  found  here  and  there,  all 
apparently  detached  and  shifted  from  their  original  positions  by 
fault  movements. 

Most  of  the  bodies  of  breccia  and  gouge,  whether  consolidated  or 
not,  contain  more  or  less  ore  minerals  and  are  regarded  as  the  lode 
or  lode& 

An  open  cut  and  a  short  adit  made  in  the  north  end  of  the  Cliff 
expose  its  structure  very  clearly.  Angular  fragments  of  pale-yellow 
and  brown  quartzite  of  different  sizes  are  jumbled  together  and  so 
firmly  bound  with  an  abundant  tough  fine-grained  cement  that  the 
mass  breaks  more  readily  through  the  fragments  than  around  them. 
Grenerally  the  cement  is  dark  gray  or  black,  affording  a  color  contrast 
that  makes  the  angular  outlines  of  the  quartzite  fragments  appear 
very  distinctly.  The  cement  is  chiefly  fine-grained  quai-tz,  and  its 
color  is  due  to  very  fine  sulphides  intimately  mixed  through  it.  Ex- 
cept that  grains  of  pyrite  can  be  easily  recognized,  the  sulphide 
minerals  are  generally  too  fine  or  too  thinly  disseminated  to  be 
determined  by  ordinary  methods.  In  places,  however,  they  form 
rather  pure  masses  the  size  of  a  hickory  nut  or  larger,  and  in  these 
enargite  and  probably  famatinite  can  be  identified.  The  same  or 
similar  minerals  are  doubtless  present  throughout  the  cement,  because 
chemical  tests  show  that  it  generally  contains  arsenic  and  antimony 
as  well  as  copper. 

Neither  from  the  surface  nor  from  joints  and  fractures  has  oxida- 
tion entered  the  mass  more  than  a  few  feet,  the  rock  being  unusually 
compact  and  impervious.  Where  oxidation  has  occurred  the  usual 
iron  oxides  and  green  copper  stains  are  seen.  In  addition  there  is  a 
bright  turquoise-blue  mineral  that  forms  crusts  on  weathered  surfaces 
and  gives  the  Cliff  one  of  its  striking  color  effects.  Chemical  tests 
show  these  crusts  to  be  a  phosphate  of  copper,  the  mineral  species 
of  which  is  not  known.  In  places  the  face  of  the  Cliff  bears  also  a 
white  incrustation  that  is  one  of  the  many  phosphates  of  alumina. 
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The  phosphorus  is  doubtless  of  animal  origin,  the  cracks  and  caves 
in  the  Cliff  being  inhabited  by  the  bushy-tailed  wood  rat,  pack  rat, 
or  mountain  rat,  as  it  is  variously  known.  The  bright-yellow  patches 
that  contrast  so  vividly  with  the  blues  and  grays  on  the  face  of  the 
Cliff  are  not  mineral,  but  growths  of  a  lichen  that  is  common  in  the 
general  region. 

Under  the  microscope  the  quartzite  fragments  are  seen  to  be  made 
up  of  sedimentary  quartz  grains,  recrystallized  and  enlarged.  The 
cement  is  a  much  finer  textured  crystalline  quartz  crowded  with  fine 
grains  and  specks  of  pyrite  and  the  black  sulphides  mentioned.  A 
small  adit  a  short  distance  south  of  the  Cliff,  on  the  opposite  side  of 
the  gulch,  penetrates  a  mass  of  similar  breccia,  specimens  of  which 
contain  broken  pyritej  in  which  the  fractures  are  filled  with  fine 
quartz-sulphide  cement.  In  adit  No.  3  there  is  a  narrow  body  or  vein 
of  cemented  breccia  that  strikes  N.  20°  W.,  dips  76°  W.,  and  cuts 
quartzite.  It  had  been  opened  by  a  drift  for  a  few  feet,  and  so  far 
as  could  be  seen  may  not  have  been  shifted  greatly  from  its  original 
position.  In  structure  and  composition  it  is  similar  to  the  rock  of 
the  Cliff  but  poorer  in  ore  minerals.  But  little  pyrite  is  present, 
and  the  copper  minerals  form  a  very  light  cloud  in  the  cement. 

The  shaft  and  connected  workings  are  in  one  of  the  zones  of  more 
recent  intense  faulting,  50  feet  or  more  in  width,  that  lies  at  the  foot 
of  the  Cliff.  At  the  shaft  on  the  80-foot  level  20  or  30  feet  of  the 
zone  is  occupied  by  a  rather  soft  earthy  mass,  chiefly  oxides  of  iron 
in  which  films,  flakes,  and  nuggets  of  native  copper  are  scattered. 
Copper  nuggets  the  size  of  walnuts  are  not  uncommon,  and  one  the 
size  of  a  man's  head  is  said  to  have  been  found.  In  addition,  the  red 
ore  body,  as  the  oxidized  fault  gouge  is  called,  contains  a  few  grains 
of  unoxidized  sulphide  ore,  quartz  or  quartzite,  slight  stains  of  cop- 
per carbonates,  and  a  little  gypsum  that  forms  crusts  in  cavities. 
The  body  appears  to  have  a  southward  pitch  due  to  cross  fractures 
or  slips  within  the  fault  zone.  A  winze  from  the  80-foot  level  is  said 
to  have  been  sunk  70  feet  without  showing  any  notable  change  in  the 
composition  of  the  material.  Here  and  there  in  adit  Ne.  2  similar 
oxidized  material  is  exposed.  A  crosscut  that  extends  west  from  the 
shaft  at  a  depth  of  80  feet  penetrates  at  a  distance  of  40  feet  another 
intensely  crushed  zone,  parallel  to  the  red  ore  body,  known  as  the 
"black  ore."  This  body  is  simply  a  fault  gouge  10  feet  or  more 
thick  composed  of  finely  ground  country  rock  and  sulphide  ore,  and 
its  unoxidized  condition  is  remarkable  in  view  of  the  fact  that  it  is 
freely  open  to  the  surface  waters.  Between  the  two  ore  zones  there 
is  crushed  limestone,  and  beyond  the  black  body  a  lead-gray  shale 
also  greatly  broken  by  slips.  The  level  ends  at  120  feet  in  quartzite 
that  is  only  slightly  crushed  and  not  at  all  mineralized,  conditions 
that  are  surprising,  because  the  huge  mass  of  sulphide-bearing  breccia 
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known  aa  the  Cliff  is  directly  overhead.  Adit  No.  1,  which  is  parallel 
to  the  crosscut  just  described,  penetrates  a  similar  but  wider  body  of 
black  ore  which  is  said  to  have  yielded  a  larger  boulder  of  rich  sul- 
phide ore.  The  dip  of  this  black  ore  body  or  fault,  as  determined 
from  its  relative  position  in  the  two  levels,  is  about  80^  W.  On  the 
hillside  opposite  adit  No.  2  workings  have  penetrated  a  small  ore 
body  that  occurs  near  the  surface  in  limestone  and  is  chiefly  a  spongy 
mass  of  chrysocoUa,  partly  altered  to  malachite  and  azurite.  At  the 
time  of  examination  adit  No.  3  had  not  reached  a  point  benjeath  the 
red  ore  body.  It  passes  from  quartzite  through  a  tiiick  mass  of 
crushed  limestone  and  gouge,  then  through  crushed  porphyry,  and 
ends  in  lime. 

The  different  ore  shipments  from  the  Copper  Cliff  mine  contained 
from  9.5  to  22  per  cent  of  copper  and  from  0.5  to  1  ounce  of  silver 
and  25  cents  to  $2.30  a  ton  in  gold.  The  richest  shipment,  IS  tous 
of  22  per  cent  copper  ore,  is  said  to  have  come  chiefly  from  the  large 
boulder  of  sulphide  ore  foimd  in  the  black  ore  body  about  50  feet 
below  the  surface.  The  other  lots  were  selected  chiefly  from  the 
red  ore  body  but  do  not  represent  any  large  portion  of  it,  and  the 
average  value  of  neither  ore  body  is  known.  A  large  amount  of 
material  was  recently  quarried  from  the  north  end  of  the  Cliff,  aver- 
age samples  of  which  are  said  to  assay  about  2.5  per  cent  of  copper. 
The  Cliff  as  a  whole,  however,  appears  to  be  somewhat  poorer,  prob- 
ably containing  not  more  than  1  per  cent  of  copper. 

An  attempt  to  hand  pick  or  '^  cob ''  the  material  quarried  from  the 
Cliif  proved  that  it  can  not  be  graded  in  this  manner  by  any  rea- 
sonable expenditure  of  labor.  The  rock  is  so  tough  and  the  sulphides 
are  so  irregularly  and  widely  scattered  through  it,  so  fine,  and  so 
intimately  mixed  with  quartz  that  anything  like  a  clean  separation 
of  ore  and  wadte  is  practically  impossible.  Because  of  the  fine  divi- 
sion of  the  sulphides,  concentration  by  ordinary  mechanical  methods 
is  also  likely  to  be  impracticable,  but  the  material  might  3rield  to 
flotation. 

LBONASD. 

The  Leonard  mine,  which  lies  about  a  third  of  a  mile  due  south  of 
the  Copper  Cliff  and  400  feet  higher,  has  been  operated  intermit- 
tently in  recent  years  but  was  closed  in  September,  1916.  It  is  said 
that  21  carloads  of  ore  that  assayed  from  7  to  10  per  cent  in  copper 
have  been  shipped  from  this  mine  to  smelters.  The  principal  work- 
ings are  a  shaft  said  to  be  100  feet  deep  and,  about  850  feet  northeast 
of  it,  an  incline.  The  lode  occupies  a  northeasterly  fault  fissure  that 
dips  about  60*^  NW.  and  brings  quartzite  or  shale  and  limestone  into 
contact  out  of  their  normal  sequence  (fig.  25,  p.  216) .  The  fissure  has 
a  width  of  10  feet  or  more  and  is  filled  with  fragments  of  silicified 
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breccia  and  earthy  ma^rial  like  the  red  ore  of  the  Copper  Cliff  mine. 
According  to  W.  P.  Shipler,  one  of  the  owners,  the  shaft  passes 
through  the  lode  at  a  depth  of  50  feet,  and  the  ore  shipments  were 
taken  out  above  this  level.  The  ore  on  the  dump  consists  chiefly  of 
compact  and  earthy  iron  oxides,  through  which  stains  and  crusts  of 
copper  carbonates  are  scattered.  Some  small  but  beautifully  devel- 
oped crystals  of  malachite  and  azurite  were  seen,  some  specimens 
showing  needles  of  azurite  partly  changed  into  malachite  without  a 
break  in  the  continuity  of  the  crystals. 

At  the  incline,  in  addition  to  the  soft  ore  described,  there  is  sev- 
eral feet  of  partly  oxidized  breccia  that  contains  enargite,  f amatinite, 
and  pyrite  and  is  otherwise  similar  to  the  material  of  the  Cliff,  at 
the  Copper  Cliff  mine.  In  a  collection  owned  by  Mr.  Shipler  is  a 
small  but  beautifully  formed  stalactite  of  green  copper  carbonate, 
one  of  several  that  were  found  in  a  cavity  in  the  red  ore  at  the  shaft. 

CLINTON   DISTRICT. 
HIBTOBY  AVD  PBODUOTIOV. 

The  Clinton  district  is  in  the  Garnet  Range,  a  few  miles  north- 
east of  Clinton,  a  town  in  the  Clark  Fork  valley  on  the  Northern 
Pacific  and  Qhicago,  Milwaukee  &  St.  Paul  railways.  Most  of  the 
mines  are  within  an  area  5  or  6  miles  long  and  1  or  2  miles  wide  that 
begins  2  miles  east  of  Clinton  and  extends  northeastward  across  the 
divide  and  part  way  down  the  Blackfoot  River  slope. 

About  1889  ore  deposits  were  discovered  in  the  northeastern  part 
of  the  mineral-bearing  area  and  several  mines  were  opened  that  have 
produced  a  little  ore  from  time  to  time.  One  of  them,  the  Charcoal 
mine,  is  said  to  have  yielded  $15,000  in  lead  and  silver.  Between  1905 
and  1912  considerable  work  was  done  on  several  groups  of  claims  near 
Clinton,  and  Some  copper  ore  was  shipped.  From  1912  to  1916  the  dis- 
trict was  practically  inactive,  but  according  to  reports  received  early 
in  1917  steps  were  either  contemplated  or  being  taken  to  reopen  most 
of  the  mines.  Estimates  that  include  the  principal  mines  only  show  a 
production  prior  to  1913  of  about  $25,000  worth  of  copper,  lead,  and 
silver. 

Some  of  the  mines  and  prospects  were  examined  in  1911  by  E.  L. 
Jones,  jr.,  to  whom  the  writer  is  indebted  for  information  about  the 
northeastern  part  of  the  mineral  area.  Parts  of  the  workings  on  three 
of  the  mines  near  Clinton  were  entered  by  the  writer  in  November, 
1912,  and  some  additional  facts  were  learned  from  the  miners,  but 
altogether  the  information  at  hand  is  not  sufficient  to  allow  a  descrip- 
tion of  the  district  except  in  very  general  terms. 
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Timber  and  water  are  abundant  in  the  Clinton  district,  the  topog- 
raphy is  such  that  many  of  the  lodes  can  be  worked  through  adit  lev- 
els, and  the  wagon  haul  to  the  railroads  is  from  3  to  8  miles. 

QEdORAPKY. 

The  surface  of  the  Clinton  district  is  similar  in  general  to  the 
other  portions  of  the  Garnet  Bange  described  in  this  report.  The 
general  summit  level  ranges  in  height  from  6,000  to  6,500  feet  above 
the  sea.  Along  both  the  main  watershed  and  the  prominent  spurs 
from  it  there  are  flats  or  gently  hilly  surfaces  at  the  elevations  given. 
The  rest  of  the  land  surface  is  steep  and  rugged  because  of  the  many 
deep,  narrow  valleys  and  gulches  leading  to  the  main  drainage  chan- 
nels, which  lie  2,500  feet  or  more  below  the  general  simmiit  level. 
Part  of  the  mineral-bearing  area  is  drained  southward  by  Wallace 
Creek,  a  tributary  of  Clark  Fork,  and  the  remainder  is  in  the  basin 
of  Ashby  Creek,  which  discharges  into  Blackfoot  River.  Between 
Ashby  Creek  and  a  branch  of  Wallace  Creek  there  is  a  rather  narrow 
pass  at  an  elevation  of  5,400  feet,  through  which  the  road  goes  from 
Clinton  to  Potomac. 

OEOLOOY. 

Most  of  the  mineral-bearing  area  is  occupied  by  an  exposure  of 
granodiorite  6  miles  long  and  from  half  a  mile  to  a  mile  or  more 
wide.  That  this  intrusive  body  is  uncovered  only  in  part  is  shown 
by  its  outline,  which  commonly  expands  where  crossed  by  gulches 
and  contracts  on  the  intervening  spurs.  In  general  appearance  and 
composition  the  granodiorite  is  similar  to  that  exposed  at  Garnet  and 
elsewhere  in  the  general  area  under  consideration.  As  a  rule  the 
rock  is  light  gray  and  even  grained,  showing  feldspar,  quartz,  horn- 
blende, and  mica,  but  in  places  near  the  margin  of  the  mass  it  shows 
porphyritic  feldspars  in  a  groundmass  somewhat  darker  than  usual. 

In  the  granodiorite  area  and  that  of  the  metamorphic  rocks  around 
it  there  are  loose  fragments  of  a  dike  rock  similar  to  the  granodiorite 
porphyry  observed  at  Garnet. 

Quartzite,  shale,  and  limestone  of  the  same  age  and  general  char- 
acter as  those  at  Garnet,  Copper  Cliff,  and  elsewhere  surround  the 
granodiorite  and  haye  been  metamorphosed  by  it.  Generally  the 
quartzite  shows  abundant  mica,  and  in  places  the  rock  is  mottled  in 
pale  green  or  brown,  owing  to  very  fine  micas  being  gathered  in 
clusters.  Some  of  the  shale  is  changed  to  a  tough  green-banded 
homstone,  and  the  limestone  is  crystalline,  resembling  a  coarse- 
grained marble.  As  a  rule  the  evidences  of  contact  metamorphism 
are  very  plain  to  a  distance  of  500  feet  from  the  contact,  and  may 
be  detected  here  and  there  as  far  away  as  half  a  mile. 
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The  principal  structural  feature  is  a  large  trough  or  syncline  tliat 
involves  the  sedimentary  rocks  and  has  lowered  a  belt  of  limestone 
across  the  northeastern  part  of  the  district.  On  both  sides  of  this 
fold  the  qilartzite  and  shale  are  steeply  inclined  and  are  probably 
deformed  by  other  parallel  folds  also.  Faults  are  seen  in  some  of 
the  mines,  but  nothing  is  known  of  their  structural  importance. 

LODEB. 

Lodes  are  found  throughout  the  granodiorite  body  and  in  the 
metamorphic  rocks  around  it.  Most  of  those  in  the  granodiorite  are 
valuable  chiefly  for  copper  and  subordinately  for  silver  and  gold, 
and  those  in  the  sedimentary  rocks,  particularly  the  limestone,  con- 
tain  lead  and  silver.  Considerable  amounts  of  lead  are  known  also 
in  some  of  the  lodes  in  granodiorite,  and  copper  is  generally  present 
in  the  lodes  in  the  other  rocks,  particularly  near  the  contact. 

The  most  extensively  developed  lodes  are  along  Wallace  Creek  and 
its  tributaries  Trail  and  Woodville  creeks,  about  2^  miles  east-north- 
east of  Clinton.  Within  a  square  mile  there  are  50  or  more  mines 
and  prospects,  on  some  of  which  the  workings  reach  a  depth  of  500 
feet  vertically  below  the  surface.  Another  numerous  group  is  in 
the  northeastern  part  of  the  mineral-bearing  area  in  the  basin  of 
Ashby  Creek,  and  although  prospects  are  by  no  means  scarce  in  the 
rest  of  the  area  few  of  them  have  been  worked  to  any  extent. 

Most  of  the  lodes  in  granodiorite,  and  doubtless  some  of  those  in 
the  other  rocks,  are  composite  veins  or  shear  zones,  each  of  which  is 
made  up  of  several  parallel  fractures,  together  forming  a  sheared 
or  broken  zone  from  1  foot  to  20  feet  or  more  in  width.  Com- 
monly the  fractures  are  closely  spaced  and  the  intervening  rock 
more  or  less  crushed.  The  lodes  of  zones  apparently  do  not  depart 
far  from  a  N.  40°  E.  strike,  and  most  of  them  dip  steeply  northwest. 
Some  are  cut  and  displaced  by  transverse  faults.  Many  of  the  indi- 
vidual fractures  contain  ore  seams  or  veinlets  that  are  generally  less 
than  an  inch  thick  but  locally  may  be  a  foot  or  more  thick  for  dis- 
tances of  several  feet.  The  most  valuable  ore  bodies,  however,  are 
those  portions  of  the  sheared  zones  in  which  the  small  ore  seams  are 
so  numerous  and  close  together  that  the  whole  is  rich  enough  to  mine. 
The  dimensions  and  richness  of  these  stringer  lodes  are  known  in  part 
only,  carload  shipments  and  samples  that  are  said  to  represent  widths 
of  several  feet  having  contained  from  1.5  to  6  per  cent  or  more  of 
copper  and  $2  to  $10  a  ton  in  gold  and  silver.  As  far  as  the  rather 
meager  available  information  shows,  ore  from  levels  above  a  depth 
of  300  feet  is  partly  or  wholly  oxidized  and  generally  twice  as  rich  as 
that  from  lower  levels. 

The  primary  minerals  are  chalcopyrite,  bomite,  specularite,  an- 
kerite,  calcite,  quartz,  and  possibly  also  chalcocite,  all  of  which  were 
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introdnoed  from  below,  filling  the  fractures  and  replacing  the  wall 
rock.  In  addition  barite,  strontianite,  and  a  bismuth  mineral  are 
reported.  In  the  oxidized  26ne  the  usual  copper  carbonates  and  iron 
oxides  occur. 

In  the  northeastern  part  of  the  mineral  belt  there  are  composite 
veins  similar  to  those  described,  and  also  lodes  of  irregular  form  de- 
veloped at  the  contact  or  in  the  metamorphic  rocks  adjoining  it.  So 
far  as  known,  the  lodes  in  granodiorite  are  similar  in  composition  to 
those  nearer  Clinton,  except  that  some  of  them  contain  noteworthy 
amounts  of  silver-bearing  galena  and  a  little  zinc  blende.  As  a  rule 
the  lodes  in  the  sedimentary  rocks,  particularly  the  limestone,  are 
valuable  dbiefly  for  lead  and  silver,  their,  most  abundant  metalliferous 
minerals  being  galena  and  cerusite.  Zinc  blende  was  observed  in 
some  of  them,  and  calcite  and  quartz  are  the  chief  gangue  minerals. 

The  geologic  relations  and  composition  of  the  lodes,  particularly 
the  occurrence  of  chalcopyrite  and  specularite  together,  suggest  that 
they  were  formed  by  hot  solutions  from  either  a  deep-seated  portion  of 
the  granodiorite  body  or  a  later  intrusive  rock  not  yet  exposed. 

Lead  and  copper  appear  for  the  most  part  to  be  arranged  in  zones 
one  above  the  other.  Galena  is  most  abundant  in  high  situations, 
either  in  the  top  of  the  granodiorite  body  or  in  the  rocks  that  inclose 
it  A  thousand  feet  down  in  the  intrusive  mass,  which  is  about  the 
relative  position  of  the  workings  in  the  Triangle  and  other  mines 
near  by,  chalcopyrite  is  the  most  abundant  ore  mineral  and  galena 
or  other  ores  of  lead  are  absent.  The  fracture  zones  appear  to  be 
strong  and  persistent,  there  is  no  reason  to  think  that  the  copper 
minerals  do  not  continue  to  considerable  depths,  and  in  view  of  all 
the  information  available  the  prospect  seems  bright,  at  least  as  long 
as  the  metals  maintain  then-  present  (1917)  high  prices,  for  the 
development  of  large  ore  bodies. 

XIVES  AND  PBOBPEOTB. 

In  addition  to  the  mines  described  farther  on,  there  are  in  the  dis- 
trict a  large  number  of  claims  or  groups  of  claims  which  are  not 
described  in  this  report  but  which  from  all  accounts  are  worth 
exploring.  Among  those  near  Clinton  are  the  Hidden  Treasure, 
Senate,  Aladdin,  and  Crawford  groups,  on  each  of  which  consid- 
erable work  has  already  been  done.  In  the  northeastern  part  of  the 
mineral  belt  are  the  Charcoal,  Gowrie,  Adaline,  Sumpter,  Daisy,  and 
Nellie,  most  of  which  have  produced  some  shipping  ore. 

CA.PE    NOME. 

The  Cape  Nome  mine  is  on  the  east  side  of  Trail  Creek,  about  3 
miles  east  of  Clinton.    Prior  to  1912  the  mine  was  extensively  de- 
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veloped,  and  ore  shipments  that  yielded  about  19,000  pounds  of  cop- 
per, 2,000  ounces  of  silver,  and  $100  in  gold  are  reported  by  the 
owners. 

The  workings,  which  are  in  granodiorite,  are  said  to  consist  of 
two  adit  levels  and  a  shaft  500  feet  deep  from  which  several  drifts 
and  crosscuts  are  run,  aggregating  in  all  more  than  4,000  feet  of 
underground  work.  Two  lodes  have  been  explored  that  strike  about 
north,  dip  60°  or  more  to  the  west,  and  are  cut  and  displaced  by  ver- 
tical northeasterly  faults.  They  are  described  as  composite  veins  or 
shear  zones  4  to  10  feet  wide,  in  which  there  are  lenslike  bodies  2 
feet  in  greatest  thickness  composed  of  quartz,  barite,  chalcopyrite, 
tetrahedrite,  and  chalcocite.  Oxidation  is  partial  or  complete  to 
depths  that  range  from  100  to  300  feet. 

Smelter  certificates  for  the  shipments  mentioned  above,  which  are 
said  to  have  been  made  up  of  mixed  sulphide  and  oxidized  ore  from 
different  parts  of  the  mine  above  the  300  level,  show  that  the  copper 
content  ranged  from  1.6  to  12.7  per  cent,  the  gold  from  20  cents  to 
$4.50  a  ton,  and  the  silver  from  5  to  20  ounces  a  ton.  On  the  average 
the  ore  contained  63  per  cent  of  silica  and  12  or  15  per  cent  of  ferric 
oxide  or  its  equivalent.  On  the  500  level  the  vein  for  a  width  of 
several  feet  is  said  to  average  2.5  per  cent  of  copper  and  6  ounces  of 
silver  to  the  ton,  the  silica  and  iron  contents  being  55  and  15  per 
cent,  respectively. 

TBIANOLE  AND  GRASS   Wn)OW. 

The  Triangle  and  Grass  Widow  mines  are  about  2^  miles  east- 
northeast  of  Clinton,  on  Woodville  Creek,  a  small  west  branch  of 
Wallace  Creek.  In  1912  the  Triangle  had  been  developed  by  an 
adit  level  driven  540  feet  on  a  N.  40°  E.  course  into  a  steeply  rising 
granodiorite  hill.  This  working  follows  a  composite  vein  or  zone 
of  parallel  fractures  that  is  10  feet  or  more  in  width  and  dips  75° 
NW.  Ore  shipments,  in  which  copper  was  the  most  valuable  con- 
stituent, are  reported  to  have  yielded  about  $3,500. 

Most  of  the  fractures  that  make  up  the  zone  contain  ore  seams 
thut  are  generally  less  than  an  inch  in  width  and  in  places  are  rather 
numerous  and  closely  spaced.  The  intervening  granodiorite  is  mod- 
erately crushed  and  extensively  bleached  and  sericitized.  Near  the 
face  of  the  adit,  where  several  branch  fractures  lead  off  to  the  north, 
there  is  a  fairly  rich  looking  ore  body  14  inches  wide  and  40  or  50 
feet  long.  The  vein  filling  consists  of  specularite,  chalcopyrite,  an- 
kerite,  calcite,  and  quartz,  aU  intergrown.  In  the  oxidized  zone 
penetrated  by  the  first  part  of  the  adit  there  are  the  usual  carbonates 
of  copper  and  oxides  of  iron.  Smelter  certificates  for  the  shipments 
mentioned  show  from  3.5  to  6.75  per  cent  of  copper  and  7  to  13 
ounces  of  silver  and  $1.50  to  $2.50  in  gold  to  the  ton. 
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The  Grass  Widow  lode  is  parallel  to  the  Triangle  and  about  600 
feet  to  the  northwest.  It  is  explored  at  a  depth  of  about  500  feet  by 
drifts  reached  through  a  crosscut  from  the  Triangle  adit  level. 
There  are  two  main  seams  about  40  feet  apart  containing  ore  similar 
to  that  in  the  Triangle. 

JACK   POT. 

The  Jack  Pot  mine  is  on  the  west  side  of  Trail  Creek  near  its 
junction  with  Wallace  Creek,  2  miles  east  of  Clinton.  In  1912  an 
adit  had  been  driven  N.  40**  E.  for  300  feet  in  granodiorite,  follow- 
ing a  composite  vein  or  shear  zone  that  dips  about  75^  NW.  A  small 
dike  of  granodiorite  porphyry,  which  together  with  the  grano- 
diorite is  bleached  and  sericitized,  has  been  intruded  along  the  shear 
zone.  The  fractures  contain  thin  seams  of  chalcopyrite,  specularite, 
ankerite,  and  quartz,  or  minerals  derived  from  them  by  oxidation, 
and  the  zone  is  otherwise  similar  to  those  in  the  Triangle  and  Grass 
Widow  claims.  In  places  a  little  chalcocite  fills  cracks  and  also 
partly  replaces  the  chalcopyrite. 

OUTLYING  MINES  AND  PROSPECTS. 

Outside  of  the  districts  described  in  this  report  there  are  isolated 
mines  and  prospects  more  or  less  worthy  of  notice,  in  particular  near 
Garnet,  Coloma,  and  the  head  of  Elk  Creek.  Most  of  them  are 
quartz  veins  in  granodiorite  or  quartzite  and  are  presumably  valuable 
for  gold.  One  on  a  knob  half  a  mile  south  of  Coloma  shows  a  little 
galena  and  tetrahedrite  ill  silicified  limestone. 

Here  and  there  along  the  limestone  summits  from  Mulky  Creek  to 
Clinton  are  scattered  deposits  of  silver-lead  ore,  of  the  irregular  or 
pockety  form  usual  to  ore  bodies  in  limestone,  from  some  of  which  ore 
has  been  shipped.  In  addition  to  those  described  below,  a  prospect  of 
Otto  McQucston,  on  the  divide  north  of  Tenmile  Creek,  has  made  a 
small  production. 

Copper  prospects,  none  of  which,  however,  show  any  great  promise, 
occur  at  wide  intervals.  One  on  the  West  Fork  of  Cramer  Creek, 
known  as  the  Gypsy,  is  on  a  loose  fault  breccia  of  quartzite  stained 
with  copper  carbonates  at  the  surface  and  showing  a  little  chalcopy- 
rite below.  Another,  the  Ophir,  situated  on  Tyler  Creek  a  mile  south 
of  Clark  Fork,  occurs  in  an  intrusive  sheet  or  sill  of  gabbro  and  is  a 
sheared  zone  containing  nodules  of  chalcopyrite. 


CHLORIDE. 


The  Chloride  mine,  on  the  main  divide,  3  miles  southwest  of  Copper 
Cliff,  is  a  lead-silver  deposit  from  which  a  few  ore  shipments  are 
reported.    The  country  rock  is  a  dark-gray  or  blue  limestone  (De- 
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vonian  Jefferson  limestone),  much  higher  in  the  sequence  than  the 
limestone  at  Garnet  and  Copper  Cliff.  Along  one  or  more  zones  of 
a  general  northwesterly  direction,  in  which  the  rocks  were  fractured 
or  crushed,  the  limestone  has  been  extensively  replaced  by  silica, 
being  converted  into  a  yellow  or  brown  jasper.  Within  the  area  of 
a  quarter  section  several  ore  bodies  have  been  found,  most  of  which 
have  a  pipelike  form,  stand  vertically  or  inclined,  and  are  8  or  4  feet 
in  diameter  and  20  feet  or  more  in  length.  All  are  closely  associated 
with  fracture  or  joint  planes  and  surrounded  by  the  jaspery  quartz. 
The  ore  is  a  fine-grained  galena,  more  or  less  altered  to  carbonate. 

Loose  boulders  of  similar  ore  are  shown  in  a  prospect  pit  in  lime- 
stone about  a  mile  west  of  Copper  Cliff. 

BAKER  &  SULLIVAN. 

About  $11,000  worth  of  lead-silver  ore  is  reported  to  have  been 
shipped  by  Baker  &  Sullivan  from  a  mine  at  the  head  of  Mulky 
Creek,  about  4^  miles  in  an  air  line  southeast  of  Garnet.  This  mine 
has  been  idle  for  a  number  of  years.  Several  open  pits  and  shafts 
are  made  on  a  ridge  near  the  head  of  Mulky  Creek  canyon,  at  an  ele- 
vation of  6,600  feet.  The  country  rock  is  limestone  of  the  same  age 
(Cambrian)  as  that  at  Garnet  and  Copper  Cliff  and  is  exposed  along 
tlie  summit  of  a  northwesterly  anticline. 

Along  a  fractured  zone  caused  apparently  by  the  folding  of  the  beds 
silica  has  replaced  the  limestone  extensively  -and  ore  pockets  have 
formed.  The  principal  ore  body  mined  has  the;  cross  section  of  a  lens  3 
or  4  feet  thick  and  30  feet  or  more  in  diameter.  The  ore  is  chiefly  ocher- 
ous  material  containing  galena  and  its  oxidized  products,  among 
which  cerusite  and  massicot  were  identified.  There  is  also  a  little 
copper  stain.  Under  the  microscope  a  thin  section  of  the  silicified 
limestone,  a  yellow  or  brown  jaspery  rock,  showed  a  dust  of  iron 
oxides  and  some  small  crystals  of  garnet  distributed  through  fine- 
grained quartz. 

MOBSE   &    KENNEDY. 

A  small  ore  shipment  is  reported  from  a  mine  formerly  worked  b}'^ 
Morse  &  Kennedy,  half  a  mile  north  of  the  junction  of  Elk  Creek 
and  its  north  fork.  An  open  cut  at  an  elevation  of  4,650  feet  is  made 
at  the  contact  between  granodiorite  and  limestone,  and  about  50  feet 
lower  an  adit  level  is  driven  ^00  feet  or  more  through  granodiorite 
into  the  limestone.  The  contact  plane,  which  is  very  uneven  in  detail 
but  is  on  the  whole  nearly  vertical,  bears  an  irregular  deposit  consist- 
ing of  coarse-grained  brown  garnet,  epidote,  calcite,  and  quartz. 
There  are  also  flakes  of  specularite  and  scattered  grains  and  nodules 
of  chalcopyrite  inclosed  in  calcite  and  intergrown  with  the  silicates 
mentioned.    The  deposit  is  partly  oxidized,  showing  limonite,  mala- 
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chite,  and  chrysocoUa.  The  copper  minerals  are  mostly  confined 
to  a  layer  that  is  3  or  4  feet  thick  in  the  open  cut  but  apparently 
pinches  out  in  the  adit  below.  This  deposit  is  similar  in  character 
and  origin  to  the  contact-metamorphic  bodies  at  Top  o'  Deep,  but  it 
lies  relatively  farther  down  on  the  sides  of  the  intrusive  body,  a  con- 
dition that  is  thought  unfavorable  to  its  downward  persistence. 

Farther  south  along  the  contact  in  a  prospect  near  Elk  Creek 
there  are  small  seams  and  pockets  in  limestone  containing  chalco- 
pyrite  and  gray  copper. 

PI^CEB  DEPOSITS. 

HISTORY  or  MINING. 

Bear  and  Elk  creeks  are  among  the  more  productive  localities  of 
early  pla<»r  mining  in  Montana.  Gold  was  discovered  here  in  1865, 
the  usual  rush  to  the  new  diggings  took  place,  and,  as  claims  were  then 
restricted  to  a  length  of  200  feet,  the  gulches  were  soon  alive  with 
miners.  The  pay  streak  was  narrow  but  rich  and  favorably  situated 
for  drifting,  and  when  the  individual  workings  became  connected  it 
is  said  that  one  could  walk  8  or  10  miles  underground  up  Bear  Creek 
and  its  main  tributary.  Deep  Creek,  without  once  coming  to  the  sur- 
face. At  the  mouth  of  Deep  Creek,  Beartown,  celebrated  as  one  of 
the  wildest  of  the  wild  early-day  mining  camps,  became  the  trading 
center  for  a  population  estimated  at  5,000  or  more.  Other  thriving 
camps  were  Springtown,  farther  up  Deep  Creek,  and  Reynolds  City, 
near  the  head  of  Elk  Creek.  An  idea  of  the  cost  of  supplies  at  the 
time  is  shown  by  a  Reynolds  City  storekeeper's  account  which  is 
among  the  relics  preserved  by  Larabie  Bros.,  bankers,  at  Deer  Lodge. 
Under  the  date  May  4,  1866,  potatoes  are  charged  at  the  rate  of  12^ 
cents,  salt  50  cents,  sugar  75  cents,  nails  25  cents,  and  bacon  80  cents 
a  pound.  Wages  were  correspondingly  high,  and  most  of  the  ground 
that  would  pay  to  work  under  such  conditions  was  exhausted  in  three 
or  four  years  and  the  miners  went  almost  as  suddenly  as  they  came. 
Only  a  few  abandoned  cabins  remain  at  Beartown,  and  the  other 
camps  are  almost  completely  obliterated.  Since  the  mining  activity 
declined  some  of  the  claims  have  been  reworked  from  time  to  time, 
and  new  ground  that  was  too  lean  or  otherwise  unsuited  to  early-day 
methods  has  been  opened.  In  1916  open-cut  or  hydraulic  mining  was 
done  in  a  rather  -small  way  in  about  half  a  dozen  places  on  Bear  and 
Elk  creeks. 

PRODUCTION. 

During  the  period  of  greatest  activity  few  of  the  miners  kept  rec- 
ords of  production,  and  as  gold  dust  was  in  general  use  for  currency, 
that  from  Bear  Creek  soon  became  mingled  with  gold  from  other 
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sources,  all  traveling  many  devious  paths  before  reaching  the  banks 
or  the  mint.  That  the  total,  however,  runs  well  into  millicxis  is 
generally  believed  and  strongly  supported  by  the  data  available. 
The  linear  extent  of  the  ground  mined  along  Bear  Creek  and  its 
tributaries,  together  with  that  in  Bilk  and  Weasel  gulches,  is  at  least 
20  miles.  According  to  trustworthy  reports,  one  claim  below  Top 
o'  Deep  yielded  $240,000,  or  at  the  rate  of  $1,200  a  running  foot. 
Comparably  rich  also  were  a  claim  at  the  mouth  of  Cayuse  Gulch 
and  portions  of  First  Chance  Gulch  and  its  tributary,  Williams 
Gulch.  Other  claims  here  and  there  yielded  smaller  amounts  down 
to  $10  a  foot,  which  was  doubtless  about  the  limit  for  profitable 
mining  at  that  time.  Exclusive  of  the  exceptionally  rich  spots  men- 
tioned, the  general  average  is  about  $50  a  running  foot,  equivalent  to 
$250,000  a  mile,  or  a  total  of  $5,000,000,  which  is  thought  to  be  a  safe 
minimum  for  the  drainage  basin  of  Bear  Creek.  Probably  $7,000,000 
or  more,  the  estimate  made  by  persons  living  in  the  district,  is  nearer 
the  true  total.  For  Elk  Creek  even  less  definite  data  are  available, 
but  the  extent  of  the  old  workings  shows  that  the  production  must 
have  been  large.  Estimates  by  persons  familiar  with  th6  mining 
history  of  this  stream  range  from  $1,000,000  to  $2,000,000  or  more,  and 
the  total  placer  production  of  the  whole  area  is  doubtless  somewhere 
between  $6,000,000  and  $10,000,000. 

DISTRIBUTION  AND  CHARACTER. 

Placer  deposits  are  distributed  along  Bear  and  Elk  creeks  and  all 
their  tributary  gulches  which  head  in  the  area  between  Top  o'  Deep 
and  Coloma.  Bilk  and  Weasel  gulches,  which  discharge  eastward 
from  Top  o'  Deep,  and  Washoe  Gulch,  leading  west  from  Coloma,  are 
also  gold  bearing,  but  their  deposits  do  not  extend  very  far  down- 
stream. In  addition,  there  are  less  extensive  deposits  on  a  bar  at 
Bearmouth  and  in  Felan  and  Tenmile  creeks.  A  very  little  gold  is 
found  all  along  Clark  Fork,  and  small  amounts  are  doubtless  present 
in  most  of  the  other  streams,  but  except  those  enumerated  above  no 
workable  deposits  are  known  in  the  region  covered  by  this  report. 

The  bulk  of  the  gold  taken  from  Bear  Creek  is  in  particles  smaller 
than  wheat  grains,  and  of  various  shapes  from  flakes  to  shot.  Nug- 
gets are  fairly  numerous  and  of  various  weights;  the  heaviest  reported 
weighed  32  ounces.  Some  of  the  nuggets  are  intergrown  with  quartz, 
and  most  of  the  larger  ones  were  found  near  the  heads  of  the  gulches, 
where  also  much  of  the  gold  is  rough  or  ragged.  Farther  downstream 
the  particles  average  smaller  and  are  generally  smoothed,  though  still 
irregular  in  shape.  Most  of  the  Elk  Creek  gold  is  flat,  almost  flaky, 
and  the  particles  average  somewhat  smaller  than  in  Bear  Creek 
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£xcept  in  the  bar  at  Bearmouth  the  gold  along  Clark  Fork  is 
sparsely  but  widely  distributed  as  flakes,  some  of  them  as  broad  as  a 
pin  head  but  so  thin  and  light  that  the  largest  will  hardly  turn  the 
most  delicate  balance.  Doubtless  several  hundred  of  them  would 
be  required  to  make  1  cent. 

The  gold  of  Bear  and  Elk  creeks  is  deep  yellow  and  its  surface 
varies  from  bright  to  rusty,  the  shade  being  significant  chiefly  of 
the  length  of  time  the  particles  may  have  lain  in  the  gravel  undis- 
turbed. 

The  fineness  or  purity  of  the  gold  does  not  range  far  from  0.900 — 
that  is,  of  1,000  parts  by  weight  900  are  pure  gold  and  the.  remainder 
alloy,  chiefly  silver.  Becords  kept  by  the  late  £.  S.  Larabie,  of 
Deer  Lodge,  show  an  average  of  0.906  for  both  Bear  and  Elk  creeks, 
but  the  data  are  insufficient  to  determine  whether,  as  in  many  placer 
deposits  elsewhere,  there  is  a  gradual  increase  in  fineness  down- 
stream. 

Part  of  the  gold  is  found  in  joints  and  cracks  a  foot  or  two  deep 
in  the  bedrock,  and  the  remainder  is  distributed  through  a  thin 
layer  of  gravel  above,  the  gravel  and  gold-bearing  bedrock  together 
forming  the  "  pay  streak."  The  main  pay  streak  in  Bear  Creek  is 
in  the  channel  or  lowest  portion  of  the  bedrock  surface  and,  although 
50  feet  or  more  wide  in  places,  generally  is  not  over  10  or  15  feet 
wide.  On  top  of  it  is  20  to  50  feet  of  overburden  that  consists 
largely  of  detritus  from  the  hillsides  above,  the  separation  be- 
tween the  pay  streak  and  the  valueless  material  being  as  a  rule 
rather  clean  and  sharp.  Along  the  smaller  tributaries  the  over- 
burden is  less  and  the  pay  streak  not  so  well  defined,  particu- 
larly near  the  heads  of  the  gulches,  where  it  commonly  widens 
and  grades  into  the  hill  talus  or  surface  mantle  on  each  side. 
Another  pay  streak  similar  to  that  described  except  that  it  is  not 
continuous  is  found  in  bars  along  both  sides  of  Bear  Creek  50  to  100 
feet  above  the  stream.  The  Elk  Creek  pay  streak  is  similar  to  that 
in  Bear  Creek  except  that  it  is  less  deeply  buried  and  not  so  well 
defined.  Bars  are  eictensive  along  the  west  side  of  the  stream  in  the 
vicinity  of  Sunset,  but  are  not  known  upstream.  For  the  most  part 
the  gravel  of  the  pay  streaks  does  not  contain  large  boulders,  is  but 
moderately  waterworn,  and  is  rather  firmly  packed.  The  amount  of 
sand  is  rather  smdll  in  Bear  Creek  and  large  along  Elk  Creek,  where 
also  particles  of  magnetite,  ibnenite,  and  other  dark  heavy  minerals 
collectively  known  as  black  sand  are  abundant.  In  the  mine  of 
B.  A.  C.  Stone  a  gravel  of  unusual  type,  which  contains  waterworn 
cobbles  completely  softened  by  decay,  occurs  at  the  simimit  of  the 
mountains. 

82163°— IS— Bull.  660 16 
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Along  Bear  Creek  few  lean  spots  were  found  in  the  pay  streaks, 
and  in  places  the  gravel  yielded  as  much  as  $1,000  a  cubic  yard,  ac- 
cording to  all  reports.  A  general  average  based  upon  the  rather 
meager  available  data  is  $30  a  yard.  Elk  Creek  is  not  so  rich  on  the 
average,  but  there  are  places,  particularly  in  its  tributary  gulches, 
comparable  to  Bear  Creek.  The  bars  near  Suns^  were  fairly  rich, 
and  a  body  of  workable  gravel  is  thought  to  lie  beneath  the  flat  valley 
of  Elk  Creek  opposite. 

Unsuccessful  attempts  to  mine  the  scale  or  leaf  gold  along  Clark 
Fork  have  been  made  on  a  bar  below  Nimrod  and  elsewhere. 

Placer  deposits  occur  along  the  stream  beds  and  in  low  bars  in 
Tenmile  and  Felan  creeks,  but  they  are  not  comparable  in  extent  or 
richness  to  the  deposits  of  Bear  Creek.  Along  these  streams  the 
most  extensive  mining  has  been  done  in  a  small  basin  about  a  mile  up 
Felan  Creek  and  in  gulches  from  a  low  divide  between  that  stream 
and  Tenmile  Creek.  The  gold  produced  is  said  to  be  of  the  same 
quality  but  less  waterworn  than  that  from  Bear  Creek. 

ORIGIN. 

The  distribution  of  the  gold  leaves  no  room  for  doubt,  except  as 
to  Felan  and  Tenmile  creeks,  that  the  placer  gold  came  from  the 
quartz  lodes  in  the  Garnet  and  adjoining  districts.    After  the  quartz 
lodes  had  been  formed  erosion  reduced  the  land  to  a  generally  flat 
surface,  the  peneplain  described  under  the  heading  "  Physiography  " 
(pp.  162-165),  which  doubtless  was  low  with  reference  to  the  sea  at 
the  time.    The  lodes  were  exposed,  their  upper  portions  were  worn 
away,  and  the  gold  was  incorporated  in  stream  gravel,  of  which  that 
at  Stones  Flat  and  probably  in  part  that  in  Williams  Gulch  and  other 
high,  flat  valleys  are  remnants.    Owing  to  the  flatness  of  the  land  the 
streams  of  that  period  were  sluggish  and  unable  to  shift  the  gold 
very  far  from  its  place  of  origin.    The  great  changes  that  have  taken 
place  since  then,  both  in  the  form  of  land  and  in  the  distribution  of 
the  gold,  are  due  primarily  to  a  general  uplift  of  the  region,  as  a  ccm- 
sequence  of  which  the  multitude  of  deep  gulches  and  narrow  valleys 
of  to-day  were  excavated,  and  the  gold  carried  down  the  narrow 
channels  far  from  its  source.    The  uplift,  however,  was  somewhat 
complicated  by  warping  of  the  surface  and  the  outpouring  of  lavas, 
as  more  fully  described  in  the  section  on  physiography.    Necessarily 
the  drainage  system  underwent  many  changea    Some  of  the  streams, 
such  as  the  one  which  built  the  gravel  bed  at  Stones  Flat,  were  cut 
off,  their  water  becoming  parceled  among  other  streams  and  their 
identity  lost.    When  Bear  and  Elk  creeks  had  sunk  their  valleys 
within  short  distances  of  their  present  depths  they  ceased  down- 
cutting  long  enough  to  widen  their  valleys  lightly  and  deposit  con- 
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aiderable  gravel.  Bemnants  of  this  deposit  left  here  and  there  when 
the  streams  had  cut  to  their  present  depth  form  bars,  such  as 
Archers  and  Simpsons  bars  on  Bear  Creek  and  the  bar  along  Elk 
Creek  near  Sunset  The  bars  along  Bear  Creek  correlated  with  some 
low  bars  or  teFraces  along  Clark  Fork,  described  in  the  section  on 
physiography,  were  probably  caused  by  a  temporary  damming  df 
the  drainage  farther  down.  At  present  Clark  Fork  is  temporarily 
(in  a  geologic  sense)  interrupted  in  its  down-cutting  by  a  dam  of 
glacial  outwash  at  Bonner,  and  its  valley  has  become  deeply  floored 
with  gravel.  Necessarily .  most  of  its  tributaries  have  ceased  to 
deepen  along  their  lower  courses,  and  considerable  loose  material, 
such  as  the  overburden  of  the  pay  streak  in  Bear  Creek,  has  accu- 
mul.  ted. 

CONCLUSIONS.  \ 

Pie  3er  mining  along  Bear  Creek  and  its  branches  has  declined  to 
a  comparatively  insignificant  stage,  although  there  is  a  possibility 
that  it  may  be  revived  somewhat  by  hydraulic  or  open-cut  mining. 
On  Elk  Creek  some  open-cut  mining  is  done,  there  is  considerable 
unworked  groimd  remaining,  and  along  the  flat  part  of  this  stream 
near  Sunset  a  fairly  large  area  may  prove  to  be  worth  dredging. 

MIKES. 

STONE. 

» 

A  gravel  deposit  mined  by  B.  A.  C.  Stone  at  Stones  Flat  on  the 
divide  between  Cayuse  and  Day  gulches  presents  some  unusually 
interesting  features.  At  this  locality  the  main  divide  is  a  level  flat 
1,500  feet  wide  having  an  elevation  of  6,250  feet.  On  the  east  and 
west  it  merges  with  rather  gentle  slopes  that  rise  a  few  hundred  feet, 
but  to  the  north  and  south  it  is  rather  abruptly  terminated  by  steep 
descents.  An  open  cut  at  the  south  side  exposes  a  bed  of  compact 
red  sandy  clay  30  feet  deep  to  bedrock.  Mingled  with  the  clay  are 
small  fragments  of  a  rather  impure  micaceous  quartzite,  many  of 
which  are  so  thoroughly  decomposed  that  they  fall  to  pieces  at  a 
touch.  The  lowest  layer  of  the  deposits  contains  smooth  waterwom 
cobbles  of  soft  quartzite  as  much  as  6  inches  in  diameter.  The  bed- 
rock, which  slopes  gently  southward,  is  of  similar  quartzite,  smoothed 
and  waterwom  and  likewise  softened  to  the  depth  of  a  foot  or  more. 
Evidently  the  deposit  is  very  old,  the  stream  that  made  it  was  long 
ago  diverted  to  other  channels,  and  the  topography  of  that  time  has 
been  greatly  changed. 

Owing  to  the  scantiness  of  the  water  supply  mining  operations  are 
conducted  on  a  small  scale,  but  nevertheless  the  ground  is  said  to 
repay  working.    At  the  face  of  the  cut  the  pay  streak  is  50  feet  wide. 
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and  presumably  it  extends  across  the  flat.  The  gold  occurs  mostly 
in  small  particles,  that  do  not  differ  in  appearance  from  the  placer 
gold  elsewhere  in  the  district.  The  erosion  of  quartz  veins  that  crop 
out  around  the  flat  doubtless  supplied  the  gold. 

LEH80rr   (HICKEY). 

Placer  mining,  restricted  by  the  water  supply  to  small  operations, 
was  done  in  1916  by  Patrick  Hickey  on  the  Lehsou  mine,  at  the  head 
of  Deep  Creek,  ju^  above  the  old  placer  camp  known  as  Top  o'  Deep. 
Deep  Creek  rises  in  a  small,  rather  shallow  basin  at  an  average  ele- 
vation of  6,200  feet.  In  the  center  of  the  basin  a  pit  about  600  feet 
in  diameter  forms  one  end  of  the  more  or  less  connected  chain  of 
workings  that  extends  throughout  Deep  and  Bear  creeks.  The 
bank  surrounding  this  pit  ranges  from  5  to  20  feet  in  height  and  is 
composed  of  material  loosened  from  the  underlying  rocks  by  weather- 
ing and  moved  downhill  slightly  by  gravity.  No  stream-washed 
fragments  were  observed,  although  the  deposit  has  been  slightly 
channeled  and  doubtless  helped  in  its  downward  movement  by  rain 
and  snow  water.  The  bedrock  is  granodiorite,  containing  many 
outcrops  of  small  gold-bearing  quartz  veins  and  broad  zones  of  a 
rusty  material  that  is  said  to  be  gold  bearing  also.  The  gravel 
contains  irregularly  distributed  but  appreciable  amounts  of  placer 
gold,  although  mining  with  the  scanty  supply  of  water  is  hardly 
profitable.  Doubtless  much  of  the  ground  surrounding  the  pit,  par- 
ticularly the  slopes  to  the  east  and  north,  would  pay  to  work  if  water 
were  readily  available. 

The  gold  is  rough  but  not  ragged  and  ranges  in  size  from  dust 
and  small  particles  to  nuggets  weighing  several  ounces.  Vein  quartz 
adheres  to  most  of  the  nuggets,  one  recently  found  being  a  quartz 
fragment  the  size  of  a  hickory  nut,  in  which  an  irregular  mass  ot 
gold  weighing  an  ounce  or  more  is  embedded.  This  quartz  is  fine 
grained,  compact,  and  rather  dull  milky  white  in  color,  similar  to  the 
quartz  of  many  veinlets  exposed  in  the  bedrock. 

BILK  GULCH. 

Although  Bilk  Gulch  has  ceased  to  be  productive,  its  later  history 
and  some  of  its  natural  features  are  of  more  than  ordinary  interest. 
To  wash  the  gold-bearing  material,  which  extended  practically  to  the 
divide  between  Bilk  and  Deep  gulches,  at  an  elevation  of  6,550  feet, 
a  pumping  plant  was  installed  by  King,  Allen  &  Preston,  on  Weasel 
Creek,  somewhat  more  than  a  mile  to  the  east  and  about  800  feet 
lower.  Water  was  pumped  through  a  pipe  to  an  elevated  point  and 
conveyed  by  a  flume  to  a  large  planked  reservoir  above  the  ground 
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to  be  worked.  The  total  cost  of  the  pump,  pipe  line,  and  tank  is 
said  to  have  been  nearly  $70,000.  The  gravel  was  washed,  and 
proved  to  be  rich,  yielding  a  large  amount  of  gold,  but  financially 
the  venture  was  a  failure,  because  the  deposit  was  exhausted  before 
production  had  equaled  the  cost  of  the  plant. 

Gravel  mined  alon^  the  lower  course  of  Bilk  Gulch  at  an  earlier 
date  by  G.  W.  Morse  was  rich,  and  several  nuggets  were  found,  one 
of  which  weighed  32  ounces,  equivalent  to  a  value  of  about  $600. 
Large  boulders  of  brown  garnet  rock  are  abundant  among  the  debris 
of  the  old  mine  workings,  especially  along  the  upper  part  of  the 
gulch.  When  broken,  some  of  them  show  small  particles  of  gold 
associated  with  chrysocoUa.  The  boulders  are  evidently  residual 
from  contact-metamorphic  bodies,  of  which  several  crop  out  con- 
spicuously near  the  head  of  the  gulch. 

WABNEB    (ELK   CBEEK   HYDRAULIC    MINING   CO.). 

A  placer  mine  on  Elk  Creek,  2  or  3  miles  southeast  of  the  locality 
known  as  Sunset,  is  owned  by  the  Elk  Creek  Hydraulic  Mining  Co. 
and  operated  by  W.  W.  Warner.  At  the  mine  the  valley  of  Elk 
Creek  is  a  narrow  V-shaped  trough  with  steep  slopes  about  700  feet 
high.  A  short  distance  upstream  the  valley  flares  somewhat,  and 
about  a  mile  downstream  it  opens  into  Sunset  Valley,  a  wide  basin 
crossed  by  Blackfoot  River. 

Below  the  North  Fork  of  Elk  Creek  quartzite  and  indurated  shale 
(Belt  series)  crop  out  on  the  slopes  and  evidently  form  the  bedrock 
beneath  the  stream  gravel.  At  the  North  Fork  the  quartzite  and 
shale  are  cut  off  by  a  granodiorite  body  that  extends  up  the  main 
stream  to  its  head. 

The  principal  working  is  an  open  cut  dug  upstream  1,000  feet  or 
more  and  equipped  with  a  30-inch  flume  and  a  steam  derrick  for 
moving  boulders.  In  September,  1916,  ground  sluicing  was  in  prog- 
ress and  the  face  of  the  cut  was  about  a  quarter  of  a  mile  below  the 
North  Fork.  Owing  to  the  slight  average  fall  of  the  creek,  about  6 
inches  to  a  rod,  at  this  locality,  the  flume  could  not  be  given  sufficient 
grade  to  carry  any  but  the  smaller  rocks  or  prevent  the  sand  from 
packing.  From  the  writer's  experience  it  is  suggested  that  a  wider 
flume  would  work  better,  but  it  is  always  difficult,  if  not  impossible, 
to  prevent  sand  from  packing  in  a  flume  of  slight  grade.  Formerly 
a  hydraulic  elevator  was  used  at  this  mine  for  lifting  tailings,  but 
it  was  abandoned  because  of  the  excessive  cost  of  its  operation  and 
upkeep. 

At  the  face  the  cut  is  said  to  be  within  2  feet  of  the  bedrock. 
Here  the  bank  is  made  up  of  a  4-foot  layer  of  rather  loosely  packed 
stream  gravel  containing  numerous  boulders  2   feet  or  more  in 
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diameter.  Above  this  are  5  or  6  feet  of  fine  gravel  and  silt  and 
a  top  layer  of  tailings,  mostly  sand,  washed  from  the  old  mines 
above.  A  considerable  portion  of  the  sand  that  collects  in  the  flume 
consists  of  magnetite,  ilmenite,  and  particles  of  hornblende  and  other 
dark  minerals  derived  from  the  granite. 

The  gold  occurs  mainly  as  dust  and  small  flat  particles,  few  of 
which  are  more  than  one-sixteenth  of  an  inch  in  diameter,  and  most 
of  it  is  confined  to  a  foot  or  two  of  gravel  next  the  bedrock.  The 
cut  is  said  to  have  repaid  working  expenses  so  far,  but  the  yield  was 
not  learned.  The  deposit  no  doubt  is  valuable,  because  Elk  Creek 
has  yielded  richly  farther  up,  and  gold  is  known  below.  The  un- 
worked  ground  extends  2  miles  or  more  above  the  workings  described. 

POWESS. 

Mining  in  a  small  way  is  done  by  Patrick  Powers  on  Elk  Creek 
at  the  mouth  of  Jonathan  Gulch.  Here  some  comparatively  small 
blocks  of  unworked  ground  remain,  situated  mainly  on  the  sides  of 
the  main  pay  streak,  which  was  worked  out  in  former  years.  The 
gravel  is  8  feet  deep  and  contains  a  moderate  number  of  boulders, 
and  the  gold  is  found  mostly  as  rather  fine,  flat  particles  on  the 
granite  bedrock. 

M'KEVTTT  &  IVEB80N. 

A  block  of  new  ground  on  Elk  Creek  at  the  mouth  of  McManus 
Gulch  was  being  opened  by  McKevitt  &  Iverson  in  1916.  An  open 
cut,  worked  by  ground  sluicing  through  a  16-inch  flume,  has  been 
made  to  bedrock.  The  bank  is  from  10  to  18  feet  deep  and  is  mostly 
sand  and  medium-textured  gravel.  Theye  are  a  few  large  granite 
boulders. 

WILLIAMS    ESTATE. 

• 

Stretches  of  several  miles  of  the  main  channel  along  Bear  and  Deep 
creeks  are  covered  by  patented  claims,  owned  by  the  Williams  estate, 
that  were  inactive  in  1916  but  were  formerly  worked  by  drifting. 
Although  the  pay  streak  is  generally  narrow  and  sharply  separate 
from  barren  material,  this  ground  may  repay  hydraulicking  in  places, 
for  the  early-day  drift  miners  commonly  left  more  or  less  gold  behind 
them. 

lANNEN. 

Bear  Creek  has  not  been  drifted  for  a  distance  of  half  a  mile  above 
its  mouth  owing  to  difficulties  in  the  way  of  drainage.  The  rich  pay 
streak  worked  farther  up  presumably  continues  down  to  Clark  Fork, 
buried  by  100  feet  or  more  of  valueless  gravel.  So  far  as  known  no 
recent  attempts  have  been  made  to  work  this  ground,  but  conceivably 
it  might  be  drained  by  pumping. 
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A  bar  at  Bearmouth,  south  of  Clark  Fork  and  100  feet  above  it, 
was  profitably  mined  several  years  ago  by  John  Lannen.  The  deposit 
is  mostly  river  gravel,  but  it  also  contains  rather  large  boulders, 
which,  together  with  the  gold,  apparently  came  from  Bear  Creek,  and 
it  is  thought  to  be  correlated  with  the  bars  of  that  stream.  Some 
patches  of  unworked  gravel  remain. 

TENlCnJE. 

Near  the  junction  of  Tenmile  and  Bear  creeks  there  is  considerable 
new  ground  which  is  thought  to  be  valuable,  which  was  being  opened 
for  hydraulic  or  open-cut  mining  in  1916. 


£  MAP  OF  PA 
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By  J.  T.  Pardee. 


LOCATION. 


The  Dunkleberg  district  is  in  northeastern  Granite  County,  Mont., 
about  50  miles  northwest  of  Butte.  (See  fig.  16.)  The  mines, and 
prospects  are  confined  to  an  area  2  miles  wide  and  5  miles  long,  near 
the  north  end  of  the  Flint  Creek  Kange.  From  Hall,  a  town  on  the 
Philipsburg  branch  of  the  Northern  Pacific  Railway,  the  mining 
area  is  reached  by  a  road  that  goes  southeastward  up  a  low  spur 
known  as  Limestone  Kidge.  There  is  also  a  road,  formerly  used  for 
hauling  ore,  that  goes  up  Dunkleberg  Creek  from  Jens,  a  station 
on  the  Northern  Pacific  main  line. 

FIELD    WORK   AND    ACKNOWLEDGMENTS. 

A  brief  reconnaissance  of  the  mining  area  was  made  in  June,  1916, 
by  the  writer,  assisted  by  T.  H.  Rosenkranz.  For  courtesies  extended 
in  the  field  the  writer's  thanks  are  due  to  Messrs.  Walter  Neal  and 
Albert  Hollander,  in  charge  of  the  Wasa  mine.  Acknowledgment 
is  made  also  to  W.  T.  Schaller,  of  the  Geological  Survey,  for  the 
laboratory  determination  of  several  minerals. 

HISTORY  AND  PRODUCTION. 

In  the  Dunkleberg  district  lode  mining  has  been  carried  on  inter- 
mittently during  the  last  30  years,  and  at  one  time  smelting  was  tried 
on  a  small  scale.  In  June,  1916,  a  deposit  of  zinc  ore  in  the  Wasa 
mine  was  being  systematically  explored  with  a  diamond  drill  and  a 
few  other  claims  were  being  developed  in  a  small  way.  The  total 
production  of  the  district  is  roughly  estimated  at  $200,000  or  more 
in  silver  and  lead. 

TOPOGRAPHY. 

The  mining  area,  which  is  in  the  northerr  foothills  of  the  Flint  Creek 
Range,  has  a  rather  uniform  general  slope  toward  the  north,  descend- 
ing about  2,000  feet  in  5  miles.    In  distant  views  the  surface  appears 
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rather  smooth,  its  most  prominent  feature  as  seen  looking  east  from 
the  Flint  Creek  valley  being  Dunkleberg  Ridge,  a  long  spur  marked 
by  some  rather  conspicuous  knobs,  which  forms  the  extreme  north, 
end  of  the  Flint  Creek  Range.  A  topographic  feature  which  occu- 
pies a  considerable  part  of  the  mining  area,  but  whose  rugged  char-* 
acter  is  not  apparent  except  at  close  range,  is  the  valley  of  Dunkle- 
berg Creek.  This  drainage  channel,  which  lies  east  of  Dunkleberg 
Ridge,  heads  in  a  small,  deep  glacial  cirque  at  the  south  and  through- 
out its  course  northward  across  the  mining  area  is  1,000  feet  deep, 
narrow,  and  very  steep-sided. 

GEOLOGY. 

The  mining  area  is  occupied  chiefly  by  sandstones  and  shales  of 
Cretaceous  age.  At  the  south  end  of  the  mineral  belt  on  Dunkle- 
berg Ridge  there  is  a  small  area  of  Carboniferous  quartzite  and 
shale  (Quadrant  and  Phosphoria  formations)  and  Jurassic  sand- 
stone, shale,  and  limestone  (Ellis  formation).  To  the  north  these 
beds  dip  beneath  Lower  Cretaceous  shale  and  limestone  (Kootenai 
formation),  which  are  exposed  at  the  Wasa  mine  and  which  in  turn 
are  overlain  by  thick  Upper  Cretaceous  shales,  sandstones,  and  con- 
glomerates (Colorado  and  Montana?  formations).  The  most  useful 
of  these  rocks  as  a  base  from  which  to  determine  the  stratigraphic 
sequence  is  a  limestone  bed  about  100  feet  thick  that  occurs  near  the 
top  of  the  Kootenai  formation  and  is  generally  crowded  with  small 
fossil  snails  or  gastropods.  At  the  Forest  Rose  mine  the  fossils  in 
this  limestone  are  very  abundant  and  conspicuous,  but  farther  south, 
owing  to  contact  metamorphism,  they  are  not  well  preserved.  The 
outcrop  of  this  bed  forms  a  loop  that  enters  the  district  on  the  south, 
includes  the  Wasa  mine,  and  extends  northeastward,  ending  in  a  long 
narrow  point  a  short  distance  beyond  the  Forest  Rose.     (See  PL  X.) 

In  the  shales  and  sandstones  above  the  gastropod-bearing  lime- 
stone there  are  several  sills  of  a  heavy  dark  greenish-gray  crystalline 
rock.  Their  aggregate  volume  is  large,  particularly  east  of  Dunkle- 
berg Creek,  where  some  of  the  individual  sills  are  1^000  feet  or  more 
thick.  From  this  locality  they  can  be  traced  25  miles  eastward  to  a 
point  near  Avon,  and  apparently  they  were  intruded  throughout  an 
area  of  at  least  300  square  miles.  A  specimen  from  one  that  crops 
out  east  of  Hoover  Creek  and  north  of  Clark  Fork  proved,  on  micro- 
scopic examination,  to  be  gabbro.'  Others  from  the  sills  in  the  basin 
of  Gold  Creek  are  diorite.^ 

*  Pardee,  J.  T.,  The  Garrison  and  Phlllpsburg  phosphate  fields,  Mont. :  tJ.  8.  Geol.  Sur- 
vey Bull.  640,  p.  212,  1017. 

'  Emmons,  W.  H.,  and  Calkins,  F.  C,  Geology  and  ore  deposits  of  the  Phlllpsburg 
quadmngle,  Mont.:  U.  S.  Geol.  Survey  Prof.  Paper  78.  p.  87.  1913.  Calkins,  F.  C,  and  Em- 
mons, W.  H.,  U.  S.  Geol.  Survey  Geol.  Atlas,  Philipsburs  folio  (No.  196).  p.  12,  1916. 
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The  sedimentary  beds  adjoining  the  sills  have  been  changed  to 
tough  and  flinty  rocks  that  commonly  weather  to  rusty  shades,  but 
the  metamorphism  does  not  extend  far  from  the  contact  The  rocks 
in  the  vicinity  of  the  Wasa  mine  also  show  a  moderate  degree  of 
contact  metamorphism,  the  Kootenai  shales  having  lost  their  char- 
acteristic purple  shades  and  the  limestone  being  partly  changed  to 
homstone.  No  igneous  rocks  are  known  within  a  mile  of  this  locality, 
but  the  metamorphism  plainly  indicates  that  an  intrusive  granitic 
rock  is  present  not  far  below  the  surface. 

The  sedimentary  beds  and  the  sills  are  folded  together  into  a  sharp- 
crested  anticline  that  plunges  steeply  northward.  At  the  south 
end  the  axis  of  this  fold  lies  along  Dunkleberg  Ridge,  passing 
through  the  Wasa  mine,  but  north  of  that  point  it  turns  eastward 
into  the  basin  of  Dunkleberg  Creek.  Dips  of  60°  to  80°  occur  on  both 
flanks  of  the  anticline,  and  the  axial  plane  leans  slightly  to  the  west. 
Large  syiiclines  appear  on  both  sides  of  the  anticline,  the  one  on  the 
east  being  very  broad  and  deep.  A  N.  20°  W.  fault  accompanied 
by  a  thick  breccia  is  shown  in  the  Wasa  mine  workings,  and  about 
2  miles  to  the  west  there  are  several  other  faults  that  are  persistent, 
strike  about  north,  and  have  caused  extensive  displacements. 

ORE  DEPOSITS. 

Lodes  containing  lead,  zinc,  silver,  and  other  metals  are  fairly 
numerous  along  Dunkleberg  Ridge  from  the  head  of  the  north  prong 
of  Douglas  Creek  northward  for  4  or  5  miles  and  are  found  also  on 
the  slope  east  of  Dunkleberg  Creek.  Except  the  Wasa,  which  is  a 
contact-metamorphic  deposit,  they  are  simple  quartz  veins  in  fissures 
that  follow  inclined  bedding  planes  or  cut  across  the  sedimentary 
rocks  and  the  diorite  sills.  As  a  rule,  the  veins  are  narrow,  but  in 
places  they  widen  to  flat  lenslike  bodies  3  or  4  feet  thick  and  of 
considerable  length  and  depth.  Silver-bearing  galena  and  lead 
carbonate  derived  from  it  are  the  most  valuable  ore  minerals, 
although  zinc  blende  is  commonly  present  and  in  the  lower  workings 
of  the  Hatta  mine  is  so  abundant  that  the  ore  could  not  have  been 
profitably  marketed  under  the  conditions  existing  15  or  20  years  ago. 
Generally  there  is  abundant  pyrite  and  a  little  chalcopyrite  in  the 
lower  levels  and  corresponding  amounts  of  limonite  and  copper  stain 
above  the  limit  of  oxidation,  but  little  direct  information  concerning 
the  amount  of  oxidation  is  available.  That  in  places  the  oxidized 
zone  extends  to  considerable  depths  is  suggested  by  the  abundance 
of  limonite  in  the  dumps  at  some  of  the  more  extensive  workings, 
but  here  and  there  galena  and  other  sulphides  were  observed  very 
near  the  surface.  The  ore  shipped  is  reported  to  have  contained  on 
the  average  about  40  per  cent  of  lead  and  40  oimces  or  more  of  silver 
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to  the  ton.    Except  in  ore  from  the  Hatta  and  Wasa  mines,  the 
percentage  of  zinc  is  generally  low. 

The  Wasa  lode  is  formed  in  the  lower  shaly  limestone  beds  of  the 
Kootenai  formation,  which  were  broken  by  the  folding  of  the  anti- 
cline described  above.  The  limestone  is  recrystallized  and  partly 
replaced  by  quartz,  feldspar,  hornblende,  and  the  sulphide  minerals-^ 
pyrite,  pyrrhotite,  and  zinc  blende.  Of  these  minerals  the  zinc  blende 
came  in  last,  as  is  clearly  shown  by  its  occurrence  in  a  network  of 
minute  fractures  that  cut  the  other  minerals.  Small  amounts  of 
galena  and  chalcopyrite  are  also  found  in  the  lode. 

So  far  as  the  development  workings  show,  the  ore  body  is  very 
irregular  in  form  but  is  at  least  several  hundred  feet  long  and  at  one 
place  40  or  50  feet  wide  and  140  feet  deep.  Certain  shale  beds  appear 
to  mark  the  upper  limit  of  the  ore,  and  a  fault  cuts  it  off  below.  Its 
lateral  boundaries  are  indefinite,  owing  to  numerous  small  post  min- 
eral slips  and  faults  and  to  the  fact  that  there  is  a  gradual  transition 
between  the  ore  and  the  country  rock.  As  determined  chiefly  by 
drill  samples,  large  portions  of  this  body  are  said  to  average  10  per 
cent  or  more  in  zinc.  Where  the  lode  is  cut  by  Douglas  Creek  it  is 
oxidized  and  much  of  its  zinc  is  leached  out. 

The  lodes  in  the  Dunkelberg  district  are  clearly  later  than  the 
folding,  which  involved  late  Cretaceous  rocks  and  their  included 
diorite  sills,  and  the  mineralogy  is  characteristic  of  deposits  formed 
by  hot  solutions  ascending  from  intrusive  granitic  rocks.  The  dis- 
tribution of  the  minerals  and  the  metamorphism  of  the  sediments 
indicate  that  the  Wasa  deposit  is  very  near  and  the  others  moderately 
far  from  the  source.  A  few  miles  south  of  the  Dunkleberg  district, 
in  the  basin  of  Gold  Creek  and  elsewhere,  Tertiary  granodiorites  are 
exposed  and  the  Dunkleberg  intrusion  is  probably  of  similar  age 
and  character.  As  a  rule,  no  very  large  ore  bodies  are  to  be  ex- 
pected in  the  narrow  veins,  but  some  of  them  can  doubtless  be  re- 
opened profitably,  especially  should  the  metals  maintain  the  average 
high  prices  of  1917. 

\Miether  or  not  the  Wasa  lode  will  prove  to  be  profitable  can 
hardly  be  said  to  be  demonstrated,  but  there  is  no  doubt  that  it  con- 
tains a  very  large  body  of  low-grade  zinc  ore. 

MINES  AND   PROSPECTS. 

WASA. 

The  Wasa  mine  is  on  Dunkleberg  Ridge  near  the  head  of  the  north 
branch  of  Douglas  Creek,  at  an  elevation  of  about  6,700  feet.  From 
Hall  (elevation  4,223  feet),  a  town  on  the  Philipsburg  branch  of  the 
Northern  Pacific  Railway,  the  mine  is  reached  by  a  good  wagon  road 
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11  miles  long  that  goes  up  Limestone  Bidge,  a  spur  west  of  Barnes 
Creek. 

In  addition  to  several  hundred  feet  of  diamond-drill  holes,  the 
principal  workings  consist  of  four  adit  levels  that  are  driven  east- 
ward in  a  steep  southwest  slope  and  aggregate  about  1,500  feet  in 
length.  Three  of  the  adits,  known  as  No.  1  and  No.  2  tunnels  and  the 
Simmer  Jack  or  No.  3  tunnel,  are  near  together,  and  the  fourth,  or 
Kirkendall  tunnel,  is  about  1,000  feet  to  the  southeast  and  consid- 
erably higher.  The  country  rock  is  chiefly  thin-bedded  fine-grained 
limestone  that  has  been  partly  altered  to  a  light-gray  or  buff  com- 
pact homstone.  Under  the  microscope  specimens  of  the  most  com- 
mon variety  of  the  rock  show  a  fine  mosaic  of  calcite  and  quartz  in 
which  are  a  few  grains  of  secondary  hornblende.  A  dull-greenish 
rock  that  is  foimd  close  to  the  ore  bodies  shows  very  coarse  calcite 
cleavages,  the  crystals  being  penetrated  by  irregular  veinlets  of  sec- 
ondary plagioclase,  quartz,  and  chlorite.  Grains  and  specks  of 
pyrite  are  disseminated  rather  sparingly  through  both  varieties  of 
the  rock,  and  near  the  lode  pyrrhotite  and  zinc  blende  also  occur. 
The  lode  is  formed  in  a  squeezed  and  broken  zone  along  the  axis 
of  a  northerly  anticline,  pyrite,  pyrrhotite,  and  zinc  blende  having 
been  introduced,  replacing  the  rock  and  forming  ore  bodies  of  irregu- 
lar shape  and  rather  indefinite  limits.  Tunnels  Nos.  1,  2,  and  3, 
together  with  the  drill  holes,  indicate  the  existence  of  a  thick  tabular 
ore  body  600  feet  long  that  trends  nearly  north.  One  drill  hole  near 
the  middle  of  the  explored  area  goes  through  140  feet  of  ore ;  others 
from  20  to  80  feet.  The  ore  is  from  30  to  60  feet  wide  in  the  tunnels, 
but  its  boundaries  are  uncertain  and  irregular,  partly  because  of 
many  small  slips  and  faults  and  partly  because  the  mineralization 
gradually  fades  out. 

In  tunnels  Nos.  1,  2,  and  3  the  ore  is  cut  off  below  by  a  fault 
which  strikes  N.  15°  W.  and  dips  about  45°  E.,  and  whose  projec- 
tion also  coincides  with  the  lower  limit  of  the  ore  in  the  drill  Ijples. 
In  tunnel  No.  1  the  fault  is  accompanied  by  50  or  60  feet  of  breccia 
composed  of  country  rock  and  oxidized  lode  matter.  A  large  amount 
of  similar  breccia  is  shown  in  tunnels  Nos.  2  and  3,  and  some  other 
workings  about  500  feet  farther  south  along  the  strike  of  the  fault 
have  also  penetrated  much  soft  crushed  material.  Presumably  the 
dislocation  has  been  extensive  and  the  movement  normal.  Owing 
to  the  absence  of  satisfactory  exposures,  the  fault  could  not  be 
traced  along  the  surface  in  the  vicinity  of  the  mine,  but  it  probably 
can  be  found  if  careful  examinations  are  made  farther  north  and 
south.  Two  miles  west  of  the  Wasa  mine  similar  strike  faults  persist 
for  several  miles  along  the  Douglas  Mountain  anticline  and  cause 
normal  displacements  of  as  much  as  1,000  feet. 
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The  ore  normally  is  a  hard,  flinty  rock  derived  from  shaly  limestone 
by  replacement  with  silica,  the  process  having  begun  along  many 
insignificant  fractures  and  spread  outward  imtil  the  whole  mass 
was  altered.  Pyrrhotite,  pyrite,  and  locally  chalcopyrite  accom- 
panied the  silica  and  were  followed  by  zinc  blende,  which  forms  a 
network  of  veinlets  that  partly  replace  the  other  sulphides.  In 
addition  small  quantities  of  galena  and  siderite  are  scattered  here 
and  there  through  the  lode. 

The  lower  limit  of  oxidation  is  irregular  as  a  rule,  but  it  is  not 
more  than  50  feet  below  the  surface.  Owing  to  a  loose  and  open 
texture,  the  fault'  breccia  is  thoroughly  oxidized  at  the  tunnel  levels, 
where  it  shows  crusts  of  a  pale  yellowish-gray  or  white  earthy 
material  that  contains  zinc  and  is  probably  in  part  smithsonite. 

The  breccia  is  regarded  as  ore  by  the  owners,  but  it  appears  to 
be  of  a  very  low  grade.  The  main  ore  body  is  evidently  rich  in 
places,  and  average  samples  of  it  are  said  to  assay  from  2  to  15 
per  cent  of  zinc.  An  ore  body  1,000  feet  farther  south  and  appar- 
ently separate  from  the  one  described  is  said  to  have  been  penetrated 
by  the  Kirkendall  tunnel.  Specimens  from  it  show  abimdant  pyrite 
and  tetrahedrite  cut  by  zinc  blende. 

SUNSET. 

The  Sunset  claim  is  on  the  slope  east  of  Dunkleberg  Creek,  near 
the  stream  level  and  about  2J  miles  north  of  the  Wasa  mine.  An 
adit  level  100  feet  long  penetrates  a  diorite  or  gabbro  sill  and  fol- 
lows a  narrow  vein  that  strikes  N.  75°  E.  and  dips  45°  N.  The 
vein  filling  consists  of  soft,  earthy,  ocherous  material  in  which 
bunches  of  quartz  and  partly  unoxidized  galena  occur.  There  is 
also  a  little  chalcopyrite.  At  the  time  of  visit  preparations  were 
being  made  to  ship  this  ore,  which,  in  addition  to  some  lead,  is  said 
to  carry  30  or  40  ounces  of  silver  to  the  ton. 

PKART*. 

On  the  Pearl  claim,  half  a  mile  north  of  the  Wasa  mine,  are  the 
ruins  of  a  small  blast  furnace  in  which  a  small  amount  of  lead  ore 
is  said  to  have  been  smelted.  An  incline,  now  caved,  has  been  sunk 
on  a  vein  a  foot  or  two  wide  that  occupies  a  bedding  plane  in  Colo- 
rado shale  striking  N.  20°  E,  and  dipping  50°  W.  Ore  scattered 
about  consists  of  quartz  and  limonite  showing  some  galena  and  a 
little  copper  stain. 

SX7MMIT. 

Half  a  mile  north  of  the  Pearl  two  short  adits  on  the  Summit 
claim  expose  a  vein  on  a  bedding  plane  in  sandstone  of  the  Colorado 
formation  that  strikes  northeast  and  dips  steeply  northwest.    The 
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vein,  ordinarily  narrow,  is  widened  in  places  to  flat  lenslike  bodies 
as  much  as  4  feet  thick,  composed  chiefly  of  quartz,  pyrite,  limonite, 
and  galena.  The  production  of  five  carloads  of  ore  containing  40 
per  cent  of  lead  and  60  ounces  of  silver  to  the  ton  is  reported. 

FOBEST  ROSE. 

The  Forest  Rose  mine,  said  to  have  produced  about  $100,000  worth 
of  silver-lead  ore,  is  a  mile  north  of  the  Wasa  and  on  the  steep  slope 
west  of  Dunkleberg  Creek  at  an  elevation  of  about  5,500  feet.  Sev- 
eral workings  have  been  made  on  a  vein  that  strikes  northeast  and 
dips  about  45°  NW.,  in  part  following  a  bedding  plane  and  in  part 
cutting  across  a  bed  of  Kootenai  gastropod-bearing  limestone.  The 
size  of  the  dumps  indicates  rather  extensive  underground  workings, 
of  which  only  the  superficial  portions  were  accessible  for  examination 
in  1916.  Near  the  surface  the  vein  is  generally  not  much  more  than 
a  foot  in  width  and  consists  of  quartz,  limonite,  and  a  little  galena 
and  pyrite.  The  dumps  contain  much  iron-stained  "honeycomb" 
quartz.  Specimens  of  unoxidized  ore  contain  abundant  pyrite  and 
galena  and  a  very  little  chalcopyrite.  Steps  to  reopen  this  mine 
were  reported  to  be  under  consideration  early  in  1917. 

HATTA. 

The  Hatta  mine  is  in  an  area  of  diorite  or  gabbro  near  the  top  of 
the  slope  east  of  Dunkleberg  Creek,  about  2  miles  northeast  of  the 
Forest  Bose.  A  rather  large  production  of  silver-lead  ore  is  re- 
ported, but  operations  were  suspended  several  years  ago  because  zinc 
blende  became  too  abundant  for  the  ore  to  be  profitably  mined  at 
that  time. 

JACKSON. 

The  Jackson  mine  is  half  a  mile  south  of  the  Hatta  and  similarly 
situated  with  respect  to  the  topography  and  geology.  A  production 
several  years  ago  of  $25,000  in  silver  and  lead  is  reported.  Only 
the  superficial  parts  of  the  workings,  which,  to  judge  from  the 
dumps,  are  fairly  extensive,  were  accessible  for  examination  in  1916. 
The  vein  is  a  fissure  in  diorite  or  gabbro,  strikes  N.  20°  W.,  dips  35° 
E.,  and  is  from  1  to  3  feet  wide.  The  ore  is  composed  of  lead  car- 
bonate and  limonite,  which  partly  fill  the  cavities  in  a  fine  skeleton 
or  honeycomb  quartz.    No  unoxidized  ore  was  seen. 
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DISTRICT,  NEVADA. 


By  Adolph  Knopf. 


INTRODUCTION. 

«  The  Arabia  district,  in  Humboldt  County,  Nev.,  is  an  old  mining 
camp  which,  long  idle  after  its  first  period  of  activity  in  the  late 
sixties,  has  again  become  active  under  the  stimulus  of  the  present 
high  prices  of  lead,  antimony,  and  silver.  The  first  smelter  erected 
in  Nevada,  at  Oreana,  on  the  Southern  Pacific  Railroad,  was  built 
in  1865  to  reduce  the  ore  of  the  Montezuma,  the  principal  mine  in 
the  Ajtabia  district.  The  ores  of  the  district  are  notable  in  that  they 
consist  almost  wholly  of  silver-bearing  bindheimite,  the  so-called 
hydrous  antimonate  of  lead. 

The  Arabia  district  is  in  the  foothills  of  the  Trinity  Range,  about 
4  miles  west  of  Oreana  (Nenzel  railroad  station).  The  elevation  of 
the  district  at  the  Montezuma  mine  is  4,600  feet — about  400  feet 
above  Oreana.  The  topography  is  open,  the  hills  are  low  and 
rounded,  and  the  relief  is  from  200  to  300  feet.  The  district  is 
wholly  without  water. 

G£N£RAIj  GEOIjOOT. 

Granodiorite  prevails  throughout  the  district.  Scattered  through 
the  granodiorite,  however,  are  blocks  and  irregular  masses  of  thor- 
oughly contact-metamorphosed  sedimentary  rocks  of  the  hornfels 
type.  The  granodiorite  and  hornfels  are  cut  by  nimierous  veins 
carrying  bindheimite  and  quartz.  Rhyolite,  far  yoimger  in  age 
than  the  ore  deposits,  in  places  caps  the  granodiorite  and  the  inclosed 
masses  of  hornfels. 

The  granodiorite  is  a  fine-grained,  evenly  granular  rock  consisting 
of  feldspar,  quartz,  and  biotite.  It  is  as  a  rule  thoroughly  altered  to 
a  white  granular  rock  resembling  an  aplite.  Under  the  microscope 
this  alteration  is  foimd  to  be  due  to  conversion  of  the  feldspar  and 
biotite  into  sericite.  As  a  residt  of  this  sericitization  the  quartz, 
which  is  inconspicuous  in  the  better-preserved  rock,  has  become  prom- 
inent and  emphasizes  the  aplitic  appearance  of  the  altered  grano- 
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diorite.  The  alteration  is  so  widespread  throughout  the  district 
that  no  fresh  material  was  found,  and  in  consequence  there  is  some 
doubt  as  to  whether  the  rock  is  a  granodiorite  or  the  closely  allied 
species  quartz  diorite. 

The  sedimentary  rocks  embedded  in  the  granodiorite  are  chiefly 
metamorphosed  shales.  In  places  they  show  bedding.  They  are 
homogeneous,  uniform  rocks  and  contain  no  strata  that  are  readily 
ahd  certainly  distinguishable  from  the  rest.  They  are  grayish 
black  and  extremely  fine  grained,  ranging  from  microcrystalline  to 
aphanitic,  and  under  the  microscope  are  f  oimd  to  consist  mainly  of 
an  intimate  intergrowth  of  quartz  and  biotite.  The  biotite  makes 
up  about  one-third  of  the  bulk,  and  the  remainder  is  quartz,  except 
for  a  subordinate  amoimt  of  white  mica.  Rock  of  this  kind  is  typical 
homfels.  The  metamorphosed  sediments  northwest  of  the  Monte^ 
zuma  mine  differ  from  those  just  described,  resembling  faintly 
mottled  cherts.  Their  high  specific  gravity,  however,  indicates  that 
they  are  not  cherts,  and  under  the  microscope  they  are  seen  to  consist 
of  quartz  and  finely  granular  pyroxene. 

The  blocks  of  hornf els  occiu:  not  only  at  the  surface  but  also  rather 
unexpectedly  in  places  underground — ^f or  example,  where  the  surface 
exposures,  consisting  wholly  of  granodiorite,  would  lead  one  to  expect 
only  granodiorite  in  depth.  It  is  clear  that  some  of  the  blocks  are 
wholly  surroimded  by  granodiorite.  The  rocks  are  cut  by  dikes  of 
granodiorite,  which,  so  far  as  observed,  range  from  an  inch  to  15  feet 
in  thickness.  The  occurrence  and  distribution  of  diese  masses  of 
contact-metamorphosed  rocks  show  that  erosion  has  cut  down  some 
distance  below  the  irregular  roof  of  an  intrusive  mass  of  granodiorite. 

The  age  of  the  contact-metamorphic  sediments  is  not  certainly 
known,  as  no  fossils  were  foimd  in  them.  According  to  Arnold 
Hague  ^  the  only  sedimentary  rocks  f oimd  in  the  Trinity  Range  are 
Jurassic  slates,  the  Triassic  rocks  so  common  in  the  Humboldt 
Range,  the  next  range  to  the  east,  being  entirely  absent.  It  is  possi- 
ble, therefore,  that  the  metamorphosed  sediments  in  the  Arabia 
district  are  Jurassic,  and  that  the  granodiorite  which  intrudes  them, 
instead  of  being  of  Archean  age,  as  Hague  thought,  is  early  Creta- 
ceous, its  age  conforming  with  what  has  been  estabUshed  in  recent 
years  for  similar  intrusions  in  other  parts  of  Nevada. 

The  rhyohtes  resting  on  the  granodiorite  are  gi'ay,  brown,  and  black 
varieties,  which  as  a  rule  are  conspicuously  flow-streaked  and  in  places 
are  so  thinly  flow-laminated  as  to  resemble  shales.  They  contain 
porphyritic  crystals  of  feldspar  and  of  biotite  in  lustrous  plates. 
Under  the  nucroscope  the  feldspar  phenocrysts  prove  to  be  andesine, 
embedded  in  a  glassy  groundmass,  and  tridymite  is  foimd  to  occur 

>  Hague,  Arnold,  Descriptive  geology:  U.  S.  Geol.  Expl.  40th  Par.  Rept.,  vol.  2,  p.  753, 1877. 
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in  some  abundance  in  the  pores  of  the  rock.  The  absence  of  sanidine 
and  quartz  phenocrysts  and  the  prevalence  of  andesine  point  to  latitic 
affinities  of  the  rhyoUtes.  Black  obsidian  occurs  in  places  at  the 
base  of  the  rhyolite  lavas,  but  it  is  nowhere  more  than  a  few  feet 
thick. 
The  rhyolites  are  probably  of  Miocene  or  PUocene  age. 

THE  VEINS. 

The  ore  bodies  are  fissure  veins  in  granodiorite  and  homf  els.  Those 
in  granodiorite  are  inclosed  between  well-defined  walls,  but  within  a 
short  distance  after  entering  the  homfels  they  fray  out  into  narrow 
stringers.  Some  of  the  veins  are  traceable  on  the  surface  for  more 
than  1 ,000  feet. 

The  principal  ore  mineral  is  argentiferous  bindheimite,  the  so-called 
hydrous  antimonate  of  lead.  In  the  richer  ore  bodies  it  fills  the 
veins  from  wall  to  wall  in  sohd  masses;  in  the  leaner  ore  bodies  con- 
siderable coarse  milk-white  quartz  is  associated  with  it.  Under  the 
microscope  the  quartz  from  the  Montezuma  mine  is  found  to  inclose 
numerous  small  prisms  of  tourmaline. 

The  bindheimite  occurs  in  a  variety  of  forms,  but  two  of  these  are 
particularly  characteiistic  of  the  district.  One  of  them  is  a  deep 
yellowish-brown  amorphous  variety  of  high,  brilliant  pitchy  luster, 
and  the  other  is  a  yellow  compact  earthy  variety  that  has  commonly 
a  divergent  columnar  structm-e,  and  is  obviously  pseudomorphic 
after  the  sulphide  from  which  the  bindheimite  is  derived.  Small 
particles  of  this  sulphide  are  occasionally  found  in  the  bindheimite 
and  prove  to  be  fibrous  jamesonite.  The  following  analysis  of  bind- 
heimite from  the  Montezuma  mine  is  given  by  J.  D.  Hague:* 

ATialyais  of  bindheimite  from  the  Montezuma  mine,  Nev. 

[W.  fJ.  Mixter,  analyst.] 

SbA 5L94 

PbO 40. 89 

Ag.: 33 

FeA 60 

Insoluble  residue 1.  66 

Water 4.58 

100.00 

The  different  varieties  of  bindheimite  are  irregularly  commingled 
throughout  the  ore.  The  brown,  highly  pitchy  variety  is  generally 
surrounded  by  a  dehcate  banding,  which  consists  of  an  alternation 
of  the  brown  and  yellow  varieties.    Bindheimite,  as  first  pointed 

I  Hagae,  J.  D.,  Mining  industry:  U.  S.  Ucol.  Expl.  40th  Far.  Kept.,  vol.  3,  p^.  299, 1870. 
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out  by  Comu,^  is  a  mineral  gel,'  and  this  banding  appears  obviously 
to  be  the  result  of  the  rhythmic  precipitation  of  some  diffusing  com- 
pound before  the  bindheimite  gel  had  set  (the  Liesegang  effect). 
The  diffusing  compound  was  probably  an  iron  salt,  and  its  rhythmic 
precipitation  was  due  to  hydrolysis,  a  possibility  that  was  shown 
experimentally  by  Liesegang.' 

Under  the  microscope  the  pitchy  bindheimite  is  seen  to  be  a  deep 
yellowish-brown  translucent  homogeneous  substance.  A  highly 
birefringent  mineral,  possibly  valentinite  (SbjOj),  is  intergrown  with 
some  of  the  bindheimite  from  the  Montezuma  mine. 

Other  oxidized  minerals,  which  so  far  as  now  known  occur  only  in 
the  ore  of  the  Montezuma  mine,  are  plumbojarosite  (basic  sulphate 
of  lead  and  ferric  iron),  scorodite,  cerusite,  and  gypsmn. 

The  ore  of  the  Montezuma  mine  contained  about  50  per  cent  of 
lead  and  antimony  and  80  oimces  of  silver  to  the  ton.*  The  ore  left 
in  the  stopes  of  the  Electric  and  Jersey  mines  contains  about  10 
per  cent  of  lead,  10  per  cent  of  antimony,  and  15  ounces  of  silver 
and  0.10  oimce  of  gold  to  the  ton. 

MONTEZUMA  MINE, 

The  Montezuma  has  been  the  chief  productive  mine  in  the  district. 
In  1868  Raymond*  estimated  that  it  had  produced  1,500  tons  of 
ore  and  that  the  reserves  in  sight  were  1,200  tons.  To  treat  the  ore 
of  this  mine  the  company  built  the  smelter  at  Oreana,  on  Humboldt 
River,  after  earlier  imsuccessful  attempts  had  been  made  to  reduce 
the  ore  in  a  stamp  mill.  At  first  only  the  silver  was  recovered  during 
smelting,  the  antimony  being  sublimed  and  the  lead  cupeled.  On 
the  completion  of  the  Central  Pacific  Railway,  however,  transportation 
costs  were  so  much  lowered  that  the  lead  and  antimony  could  be 
profitably  marketed,  and  the  crude  metal  from  the  shaft  furnace,  an 
alloy  of  lead  and  antimony,  was  sold  without  further  treatment  to 
Selby  &  Co.,  of  San  Francisco,  who  paid  $100  a  ton  for  the  base  metal 
and  $1  an  oimce  for  the  silver  it  contained.  The  or^  from  the  mine 
carried  from  40  to  50  per  cent  of  lead  and  antimony  and  from  60  to 
80  ounces  of  silver  to  the  ton.  In  the  spring  of  1917  the  old  slags 
from  the  Oreana  smelter  were  being  shipped  to  the  smelter  at  Midvale, 
Utah,  to  recover  the  lead,  antimony,  and  silver  in  them.  They 
averaged  7  per  cent  of  lead,  5  per  cent  of  antimony,  and  2  ounces  of 
silver  to  the  ton.     This  accords  with  Hague^s  statement  that  the 

1  Cornu,  F.,Ue1)er  die  Verbrelttmg  gelartiger  K^rper  im  Mineralreich,  ihre  cbemisch-geologlache  Bedeu* 
tting  und  ihre  systematische  Stelluo^:  Centralbl.  litneralogie,  Jahrg.  1909,  p.  330. 

s  As  a  colloid  mineral  bindheimite  can  not  be  given  a  definite  chemical  formola,  such  as  is  denoted  by 
the  term  hydrous  antimonate  of  lead.    Lacroix,  in  fact,  writes  yPbO.  zSbsO*.  zUiO. 

*  Liosegang,  R.  E.,  Oeologische  Diffusionen,  p.  147, 1913. 

«  Raymond,  R.  W.,  Mineral  resources  of  the  States  and  Territories  west  of  the  Rocky  Mountains  for  I86S, 
pp.  130-131, 1869. 

» Idem,  p.  129. 
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slags  were  poor,  the  richer  slags  having  been  returned  to  the  furnaces. 
The  smelting  works  and  methods  of  treatment  are  described  in 
detail  by  Hague.*  During  the  removal  and  shipment  of  the  old 
slags  in  1917  some  of  the  tailings  from  the  imsuccessful  stamp  mill 
were  uncovered;  they  carry  18  per  cent  of  antimony,  24.7  per  cent 
of  lead,  and  17  ounces  of  silver  to  the  ton. 

The  principal  workings  of  the  Montezuma  mine  consist  of  a  large 
pit  90  feet  long  and  20  feet  wide,  whose  floor  is  about  20  feet  below 
the  surface  of  the  hill.  In  early  days  an  incline  was  sunk  120  feet 
on  the  vein,  but  at  60  feet  it  passed  out  of  ore.  Subsequently  a 
drift  was  run  westward  at  the  60-foot  level  some  80  or  100  feet,  and 
was  reported  as  being  in  good  ore  for  the  whole  distance.*  At  the 
present  time  the  lower  workings  are  inaccessible  below  a  level  35  feet 
vertically  below  the  floor  of  the  pit. 

The  mine  has  been  practically  idle  since  1875.  In  1917  the  old 
dumps  were  sorted  for  the  bindheimite  they  contained,  and  some 
work  was  done  toward  reopening  the  mine,  the  intention  being  to 
explore  it  in  depth. 

The  ore  body  occupies  a  fissure  in  the  granodiorite;  it  trends  east 
and  dips  45°  N.  The  walls  are  weU  defined  and  are  strongly  marked 
with  groovings  that  dip  westward  at  a  moderate  angle.  The  ore  body 
formerly  worked  appears  to  have  been  a  large  lens  that  pitched  west- 
ward, possibly  in  conformity  with  the  groovings  scored  on  the  foot- 
waU.  The  footwaU  is  in  part  a  lai^e  block  of  metamorphic  shale 
mclosed  in  the  granodiorite.  A  crosscut  that  was  driven  through 
the  shale  shows  that  the  shale  is  cut  by  a  close  network  of  quartz 
veins,  so  that  the  larger  proportion  of  exposed  rock  consists  of  coarse- 
grained white  quartz,  which  locally  carries  exceedingly  coarse  crys- 
talline calcite. 

The  main  ore  body,  at  the  level  of  the  pit,  was  14  feet  thick  and 
90  feet  long.  The  vein  was  "filled  with  ore,  variable  in  quaUty  but 
ahnost  entirely  free  from  gangue,  and  neiarly  aU  fit  to  send  to  the 
furnace  without  assortment.*'  •  Below  the  level  of  the  pit  the  vein 
averages  6  feet  in  thickness.  The  ore  formerly  worked  consisted, 
as  the  old  records  show,  largely  of  bindheimite,  containing  traces  of 
residual  jamesonite.  Cerusite,  black  manganiferous  oxide  of  anti- 
°^ony,  gypsum,  and  arsenopyrite  partly  oxidized  to  the  green  mineral 
scorodite  can  stiU  be  found  locally.  In  the  workings  now  accessible 
below  the  floor  of  the  pit  the  vein  filling  consists  of  secondary  "  jasper" 
irregularly  banded  and  mottled  in  yellow  and  red.  Microscopic  exam- 
ination, supported  by  chemical  tests,  shows  that  the  yellowish  jasper 
contains  considerable  plumbojarosite  in  closely  packed  aggregates  of 
hexagonal  tablets.    The  plumbojarosite  not  uncommonly  occurs  in 

1  Hague,  J.  D.,  Mining  Industry:  U.  S.  Qeol.  Expl.  40th  Tar.  Kept.,  vol.  3,  pp.  300-308, 1870. 
>  Hem,  p.  299. 
*  Idem,  p.  298. 
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perfectly  fonned  crystals  as  a  replacement  of  coarse  quartz  grains 
that  are  residual  from  the  primary  ore  and  are  now  inclosed  in  the 
secondary  cryptocrystalUne  quartz  forming  the  bulk  of  the  jasper. 

OTHER  MINElS  AND  PROSPECTS. 

Considerable  work  was  done  in  early  days  on  the  other  veins  of  the 
district.  These  are  narrow  veins,  considerably  smaller  than  the 
Montezuma,  and  trend  north  and  dip  30°  -  60°  E.  The  most  devel- 
opment work  has  been  done  on  the  Electric  and  Jersey  veins,  which 
are  1,000  feet  north  of  the  Montezupia  mine. 

The  Electric  vein  is  opened  by  an  incline  350  feet  long,  from  which 
four  levels  have  been  turned  oflF.  A  vertical  depth  of  210  feet  is 
attained.  The  vein  has  been  stoped,  but  about  1,000  tons  of  anti- 
monial  lead-silver  ore  is  estimated  to  remain  in  the  stopes.  The  vein 
ranges  in  thickness  from  1  to  3  feet.  On  the  upper  levels  it  is  inclosed 
in  granodiorite  and  lies  between  remarkably  even,  regular  walls,  but 
in  the  homf els,  which  it  enters  in  the  lower  part  of  the  mine,  it  spUts 
up  into  thin  barren  stringers  that  almost  pinch  out.  On  the  surface 
the  Electric  vein  enters  homfels  60  feet  south  of  the  incline  and 
abruptly  narrows  down.  A  formidable-looking  postmineral  fault, 
trending  east  and  dipping  45°  N.,  has  been  cut  in  the  lower  workings, 
but  as  it  fails  to  displace  the  contact  of  the  granodiorite  and  homfels 
400  feet  east  of  the  vein,  it  can  not  displace  the  vein  more  than  a  few 
feet  at  most. 

The  Jersey  vein  is  220  feet  east  of  the  Electric  vein,  to  which  it  is 
roughly  parallel.  It  is  separately  owned,  being  held  by  a  claim,  10 
feet  wide  and  1,200  feet  long,  which  is  wholly  inclosed  in  the  Electric 
claim.  It  is  opened  by  a  number  of  inclines,  the  main  one  of  which 
is  150  feet  long  and  reaches  a  depth  of  71  feet.  The  upper  levels  are 
in  granodiorite,  but  in  depth  the  vein  enters  the  homfels,  with  results 
unfavorable  to  the  quaUty  and  quantity  of  ore.  A  notable  feature  is 
a  conspicuous  postmineral  fault,  which  despite  its  appearance  sug- 
gestive of  strong  movement  dislocates  the  vein  not  more  than  a  few 
feet.  South  of  the  fault  the  most  massive  bindheimite  ore  left  in 
the  mine  was  seen;  it  occurs  in  bodies  as  much  as  1  foot  in  diameter 
consisting  sohdly  of  the  pitchy  variety. 

The  Electric  and  Jersey  veins  show  clearly,  both  along  the  strike 
and  down  the  dip,  that  the  homfels  has  been  highly  unfavorable  for 
vein  formation.  Jn  both  mines,  however,  there  remains  much  terri- 
tory in  granodiorite  which  is  probably  worthy  of  exploration. 

At  depths  greater  than  have  yet  been  obtained  the  veins  will  be 
found  to  reenter  the  granodiorite  and  probably  lose  their  stringered 
character,  becoming  simple  fissure  fillings.  The  depth  at  which  this 
change  will  be  reached  can  not  be  predicted,  but  it  is  probably  not 
great  and  may  be  as  little  as  a  few  feet. 
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There  are  numerous  other  narrow  veins  in  the  district  that  are  of 
the  same  general  character  as  the  Electric  and  Jersey  veins;  they  are 
on  patented  claims  owned  by  the  Electric  Mining  &  Reduction  Co. 

The  Aztec  is  a  recent  location  in  which  the  mineralization  occurred 
along  a  fissure  that  is  possibly  the  westward  extension  of  the  fissure 
on  which  the  Montezuma  ore  body  is  situated.  The  vein  is  6  inches 
thick  and  dips  60^  N. ;  the  hanging  wall  is  sedimentary  rock  and  the 
footwall  is  granodiorite.  It  carries  bindheimite,  which  is  pseudo- 
morphic  after  jamesonite,  and  quartz  inclosing  a  little  chalcopyrite. 

PERSISTENCE  OP  ORB  IN  DEPTH, 

The  main  questions  of  practical  interest  with  reference  to  the  veins 
of  the  district  are  the  probable  tenor  of  the  ore  in  the  sulphide  zone 
and  the  persistence  of  the  ore  in  depth.  Sulphides  are  rare  in  the 
ore  bodies  so  far  laid  open  to  view,  and  it  is  probable  that  this  highly 
oxidized  ore  may  persist  to  depths  of  400  or  600  feet,  or  down  to  the 
level  of  Humboldt  River. 

Because  lead  and  antimony  do  not  readily  go  into  solution  during 
the  oxidation  of  their  sulphides,  it  is  probable  that  the  primary  sul- 
phide ore  will  contain  essentially  as  much  lead  and  antimony  as  the 
oxidized  ore.  During  oxidation,  however,  much  sulphur  was  elimi- 
nated, doubtless  in  the  form  of  sulphuric  acid,  and  this  process  favored 
downward  migration  of  the  silver.  The  silver  taken  into  solution  in 
the  zone  of  oxidation  would  be  precipitated  by  the  primary  sulphides 
that  occur  at  greater  depth,  and  it  is  therefore  not  unreasonable  to 
expect  that  rich  secondary  antimonial  silver  sulphides  will  be  found 
just  above  the  zone  of  primary  sulphides. 

Jamesonite,  so  far  as  its  paragenesis  is  known,  appears  to  occur 
more  commonly  in  ore  deposits  formed  at  high  temperatures,  as  is 
indicated,  for  example,  by  its  occurrence  as  the  principal  ore  mineral 
in  the  contact-metamorphic  deposit  at  Zimapan,  Mexico,^  and  in  tin- 
bearing  veins  in  Bolivia.  The  tourmaline  content  of  the  quartz  in 
the  Montezuma  vein  accords  with  this  supposition.  If,  then,  the 
veins  of  the  Arabia  district  were  formed  under  conditions  of  high 
temperature,  this  feature,  considered  together  with  the  widespread, 
thorough  hydrothermal  alteration  of  the  granodiorite  inclosing  the 
veins  of  the  district,  indicates  that  some  of  the  stronger  veins  may 
carry  ore  in  depth.  This  possibility,  combined  with  the  chance  that 
a  zone  of  enriched  silver  sulphides  exists  in  depth,  suggests  that  the 
district  merits  deeper  exploration  than  has  yet  been  attempted. 

iLindgren,  Waldemar,  and  Whitehead,  W.  L.,  A  deposit  of  JamesonitonearZixiiapan,  Mexico:  Eoozl 
Geology,  vol.  9,  pp.  435-462, 1014. 


STRONTIANITE  DEPOSITS  NEAR  BARSTOW,  CALIFORNIA, 


By  Adolph  Knopf. 


liOCATION  AND  DISCOVERY, 

Strontianite  in  economically  important  quantity  has  recently  been 
found  near  Barstow,  San  Bernardino  County,  Cal.  The  deposits 
occur  10  miles  north  of  the  town,  in  a  group  of  hills  known  locally  as 
the  Mud  Hills,  because  occasional  desert  storms  convert  the  clay 
beds,  of  which  the  hills  are  largely  composed,  to  masses  of  mud,  but 
this  designation  is  likely  to  be  supplanted  by  the  name  Strontium 
Hills.  The  deposits  lie  «t  altitudes  between  3,000  and  4,000  feet  and 
are  readily  accessible  over  fairly  good  roads,  the  grade  of  which  is 
mainly  downhill  to  Barstow. 

The  strontianite  was  discovered  by  Henry  Hart  and  T.  G.  Nicklin, 
who  were  prospecting  for  borax.  In  1915  they  found  masses  of  a 
fibrous  mineral  of  resinous  color  and  luster,  which  they  thought  might 
be  either  "  needle  borax  "  or  "  rosin  jack  "  (zinc  blende) .  At  Barstow 
the  mineral  was  provisionally  determined  as  witherite  (barium  car- 
bonate), but  later,  doubts  being  felt  as  to  the  validity  of  the  deter- 
mination, specimens  were  sent  to  Prof.  Charles  Palache,  of  Harvard 
University,  who  established  the  identity  of  the  mineral  as  strontianite 
(strontium  carbonate). 

The  first  claims  for  strontianite,  known  as  the  Needles  group,  were 
staked  in  October,  1916,  and  since  then  nearly  40  claims  have  been 
located.  The  whole  area  in  which  strontianite  occurs  had  been  staked 
for  oil  during  the  boom  that  culminated  in  1913,  and  the  oil  claims 
had  been  marked  by  monuments,  some  of  which  were  built  partly  of 
solid  lumps  of  strontianite. 

The  strontianite  deposits  were  briefly  examined  by  me  in  February, 
1917,  and  it  gives  me  pleasure  to  acknowledge  my  indebtedness  to 
Messrs.  L.  G.  Henderson,  T.  G.  Nicklin,  and  A.  A.  Turner  for 
facilitating  the  examination. 

GENERAL  GEOLOGY, 

The  Strontium  Hills  are  underlain  by  a  series  of  lake  and  terres- 
trial deposits  which  have  been  folded  into  a  syncline.    (See  PL  XI.) 
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These  beds  have  been  partly  described  by  Baker*  under  the  name 
"  Kosamond  series,"  and  later  more  fully  by  Pack.^ 

The  syncline  into  which  the  beds  have  been  bent  is  referred  to  by 
Baker  and  Pack  as  the  Barstow  syncline.  A  monograph  on  the 
fauna  of  the  beds  is  in  preparation  by  Prof,  J.  C.  Merriam,*  who 
discusses  also  the  age  and  correlation  of  the  beds.  The  term  ^  Bar- 
stow  formation''  is  used  by  Merriam  for  the  deposits  containing 
the  upper  Miocene  fauna  and  comprising  the  uppermost  beds  of 
the  Barstow  syncline,  but  it  is  recognized  that  this  fauna  may  occur 
in  all  of  the  strata  of  the  syncline.^  The  fauna  includes  about  30 
species,  among  which  horses  of  at  least  four  species  and  camels  are 
most  abundantly  represented,  for  it  is  the  bones  of  these  animals 
that  are  usually  found." 

A  threefold  subdivision  of  the  beds  in  the  Strontium  Hills  may 
easily  be  recognized,  as  Pack  has  pointed  out.  The  lowest  member 
consists  largely  of  granitic  detritus,  remarkably  fresh  in  composition 
and  consisting  of  angular  boulders,  some  of  which  are  as  much  as 
5  feet  in  diameter.  It  is  without  more  than  a  trace  of  bedding  and 
is  clearly  an  ancient  alluvial  deposit,  a  "  f anglomerate."  Some 
rhyolite  tuff  occurs  with  it. 

The  middle  subdivision,  which  contains  the  strontium,  is  made 
up  chiefly  of  grayish-green  clay  in  thick  beds.  The  erosion  of  the 
clay  beds  has  produced  a  badland  topography  which  is  highly  char- 
acteristic of  the  middle  member  of  the  Barstow  syncline.  At  the 
surface  the  clay  is  loosely  coherent,  but  in  places  it  grades  into  shale, 
which  is  fairly  well  bedded.  Crystals  of  g}'psum  half  an  inch  or  so  in 
diameter  are  common  throughout  the  clay  beds.  Moreover,  the  clay 
yields  calcium  sulphate  on  extraction  with  water,  and  it  effervesces 
freely  in  hydrochloric  acid;  it  is  therefore  a  gypsiferous,  calcareous 
clay.  Calcareous  concretions  of  odd  and  peculiar  patterns  are  of 
widespread  occurrence  in  the  clay  beds;  they  are  locally  called 
**  fossils." 

Above  the  clays  come  more  highly  indurated  beds,  consisting  of  cal- 
careous tuffs,  white  rhyolite  tuff,  sandstone,  and  limestone  in  per- 
sistent beds  4  to  6  feet  thick.  Many  of  these  limestones  are  clearly 
of  algal  origin,  as  shown  by  the  concentric  circular  patterns  on  their 
weathered  surfaces.  Some  of  the  limestones  have  an  apparently 
brecciated  structure — ^that  is,  they  carry  angular  fragments  of  lime- 
stone embedded  in  a  dense  matrix  of  somewhat  different  color.  How- 
ever, as  there  are  all  gradations  between  such  seemingly  brecciated 

*  Baker,  C.  A.,  Notes  on  the  later  Cenozolc  history  of  the  Mohave  Desert  re^on   In 
Boutheastem  California :  California  Univ.  Dept.  Geology  Bull.,  vol.  6,  pp.  342-347,  1911. 

*  Pack,  R.  W.,  Reconnaissance  of  the  Barstow-Kramer  region,  Cal. :  U.  S.  Geol.  Survey 
Bull.  541,  pp.  141-151,  1913. 

'Oral  communication. 

*  Merriam,  J.  C,  unpublished  MR. 

Terrlam,  J.  C,  Extinct  faunas  of  I  he  Mohave  Dosort.  their  signiflcnnro  In  a  study  of 
Plgln  and  evolution  of  life  In  America  :  Top.  Scl.  Montlily,  vol.  80,  p.  255,  1915. 
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limestone  and  that  in  which  the  algsB  are  preserved  unbroken,  it  is 
probable  that  the  brecciation  is  an  original  structure — ^that  is,  that  the 
angular  fragments  are  broken  algal  growths  which  were  incorporated 
in  the  limestone  at  the  time  the  limestone  was  formed. 

A  large  specimen  of  the  best-preserved  algal  limestone  was  for- 
warded to  Dr.  Charles  D.  Walcott,  who  reports  as  follows: 

I  had  the  specimen  cat  through  vertically,  also  three  thin  sections  made  of  a 
portion  of  it  The  microscopic  section  shows  essentially  the  snme  general  struc- 
ture that  occurs  in  recent  fresh-water  calcareous  algal  deposits,  and  they  are 
also  very  similar  to  deposits  that  occur  in  the  supposed  fresh-water  beds  in  the 
Algonkian  Belt  limestones  of  Montana. 

The  thin  sections  show  the  same  type  of  lamination  and  structure  as  the  thin 
sections  of  the  similar  forms  from  the  Algonkian  and  the  Cambrian  limestones. 
From  the  character  of  the  limestone  I  do  not  think  it  is  probable  that  the  algal 
cells  will  be  found,  but  from  the  general  resemblance  of  the  structure  in  the 
specimen  receivea  Trom  Mr.  Knopf,  it  is  excee<lingly  probable  that  the  lime  In 
the  specimen  was  deposited  through  the  agency  of  the  blue-green  alga. 

The  section  described  in  the  preceding  paragraphs  is  that  near  the 
east  end  of  the  Barstow  syncline,  near  the  discovery  group  of  claims, 
where  only  the  north  limb  of  the  incline  is  exposed.  Farther  west 
the  strontium  deposits  occur  in  the  south  limb  of  the  syncline.  The 
beds  here  resemble  those  of  the  middle  subdivision  already  described, 
but  the  interbedded  algal  limestones  are  especially  conspicuous.  They 
weather  out  in  relief,  forming  ledges  300  to  400  feet  long.  Their 
greatest  thickness  is  6  feet,  and  they  gradually  pinch  out  along  the 
strike.  As  seen  from  a  distance  the  ledges  roughly  resemble  aggre- 
gates of  cauliflower  heads.  Branching,  arborescent  forms  also  occur, 
in  which  the  separate  branches  are  about  3  inches  in  diameter. 

8TRONTIANITE  DEPOSITS. 

Strontianite  and  strontium-bearing  rock  have  been  found  at  a  large 
number  of  places  in  a  belt  about  2  miles  long.  They  occur  as  layers 
that  lie  parallel  to  the  bedding  of  the  inclosing  clays  and  are  dis- 
tributed at  intervals  through  a  thickness  of  several  hundred  feet. 

The  strontianite  occurs  in  two  forms — as  fibrous  masses  of  resinous 
color  and  luster  (locally  spoken  of  as  "rosin  strontianite")  and  as 
dense,  exceedingly  fine  grained  (aphanitic)  gray  or  drab  material, 
which  resembles  limestone.  The  fibrous  variety,  because  of  its  weight 
and  evident  purity,  is  obviously  of  high  grade;  the  grade  of  the 
aphanitic  variety,  of  course,  can  not  be  determined  without  chemical 
examination,  except  very  roughly  by  its  high  specific  gravity.  The 
two  varieties  occur  separately,  as  l  rule,  but  in  some  deposits  they 
are  intermingled,  spherulites  of  coarse  resinous  strontianite  being 
irregularly  scattered  through  aphanitic  gray  strontianite  rock. 

The  thickest  body  of  pure  spherulitic  strontianite  that  had  been 
found  at  the  time  of  visit  is  14  inches  thick;  this  body  is  lenticular 
and  pinches  out  within  a  few  feet  along  the  strike,  but  other  bodies 
of  strontianite  appear  farther  along  at  the  same  stratigraphic  level. 
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The  gray  aphanitic  strontianite  occurs  in  layers  as  much  as  8  feet 
thick.  In  all  respects  these  layers  simulate  ordinary  beds  of  lime- 
stone interstratified  with  the  predominant  clays,  and  it  is  only  after 
the  supposed  limestone  has  been  handled  that  its  abnormal  character 
is  suspected.  Some  of  the  gray  strontianite  rock  contains  angular 
glassy  particles  of  feldspar  and  quartz  and  more  rarely  small  frag- 
ments of  brown  vitrophyre.  Under  the  microscope  the  gray  stron- 
tianite rock  is  found  to  consist  almost  wholly  of  minute  spherulites 
of  strontianite,  the  different  spherulites  interfering  and  forming  a 
mosaic  of  polygonal  grains. 

The  general  dip  of  the  strontianite  deposits  in  the  discovery  claims 
is  10°-30^  S.  In  places,  however,  the  beds  are  faulted  and  for 
short  distances  lie  horizontal  or  even  dip  to  the  north. 

Strontianite  rock  obtained  near  the  main  workings  on  the  Needles 
group  was  analyzed  in  the  laboratory  of  the  Geological  Survey.  It 
is  a  faintly  banded,  aphanitic  rock  resembling  a  drab  limestone; 
under  the  microscope  it  is  seen  to  be  composed  chiefly  of  extremely 
small  obscure  spherulites  of  strontianite. 

Partial  analysis  of  atrontianite  rock  from  the  Strontium  HUla,  Cal. 

[R.  C.  WellB,  analyst.] 

SrO 55.20 

CaO 5. 19 

BaO None. 

CO, . 28. 18 

SO. .28 

SiOa 5.  59 

AlaOs 1. 17 

Computation  of  the  analysis  shows  that  the  strontianite  rock  con- 
tains 78.6  per  cent  of  strontium  carbonate.  The  ratio  of  strontia  to 
lime  is  approximately  the  same  as  in  the  pure,  coarsely  crystallized 
strontianite  whose  analysis  is  given  on  page  262,  where  it  is  pointed 
out  that  the  lime,  as  calcium  carbonate,  is  an  isomorphous  constituent 
of  the  strontianite.  Using  the  composition  of  the  strontianite  there 
given,  computation  of  the  analysis  sliows  that  the  strontianite  rock 
consists  of  87.8  per  cent  of  strontianite. 

In  the  western  part  of  the  district  the  geologic  features  differ 
somewhat  from  those  already  described.  The  strontium-bearing  beds 
occur  on  the  south  limb  of  the  Barstow  syncline  and  dip  70®  X. 
They  consist  largely  of  brownish  calcite,  with  subordinate  celestite 
and  less  strontianite.  They  are  consequently  of  low  grade,  and  none 
of  the  material  shown  to  me  has  proved  on  laboratoiy  examination 
to  be  of  commercial  value.  An  analysis  of  supposedly  high-grade 
material  from  the  ledge  known  as  the  Upper  Brown  was  made  in 
the  laboratory  of  the  Geological  Survey ;  the  preliminary  microscopic 
examination  showed  it  to  be  composed  of  calcite,  celestite,  and 
strontianite. 
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Partial  atuilysia  of  strontium-hearing  rock  from  the  titrontium  Hills,  CaL 

[R.  O.  Wells,  analyst.] 

SrO   12. 9 

CaO 39.5 

A  remarkable  feature  of  the  western  part  of  the  strontium-bearing 
belt  is  the  abundant  occurrence  of  fibrous  spherulitic,  resinous-colored 
calcite  exactly  resembling  the  "  rosin  strontianite "  found  on  the 
Needles  group  of  claims.  This  calcite  occurs  in  veinlets  and  as  de- 
posits formed  by  replacement  of  limestone  beds.  Unless  supposed 
strontium-bearing  material  is  subjected  to  quantitative  chemical 
analysis,  the  presence  of  this  deceptive  calcite  is  certain  to  cause 
much  disappointment. 

The  work  done  in  opening  the  prospects  in  the  strontium-bearing 
belt  was  small  at  the  time  of  visit,  and  exposures  of  strontianite  were, 
in  the  main,  the  natural  outcrops.  The  output  in  1917  was  500  tons  of 
strontianite  rock. 

MINERALOGY  OP  THE  DEPOSITS. 

STBONTIANITE. 

The  purest  strontianite,  as  already  mentioned,  occurs  in  compact 
masses  of  thin  fibers  or  needles.  The  fibers  average  about  1  inch  in 
length  but  exceptionally  are  as  much  as  3  inches  long.  They  radiate 
from  centers,  thus  forming  either  fan-shaped  aggi'egates  or  com- 
pletely spherical  masses.  In  the  dense  aphanitic  variety  the  strontia- 
nite, as  shown  by  the  microscope,  occurs  also  in  spherulites,  which, 
however,  are  vei^y  minute  and  the  fibers  of  which  are  not  as  sharply 
individualized  as  in  the  larger  aggregates. 

The  mineral  strontianite,  as  sliown  by  over  30  analyses  on  material 
from  many  localities  in  different  parts  of  the  world,  never  contains 
100  per  cent  of  strontium  carbonate  but  invariably  carries  some  iso- 
morphous  calcium  carbonate,  generally  from  4  to  6  per  cent.^  The 
strontianite  from  the  Westphalian  deposits,  whose  homogeneity  was 
tested  microscopically,  carries  from  6  to  11  per  cent  of  isomorphous 
calcium  carbonate.^  In  view  of  these  facts  it  appeared  advisable  to 
determine  the  chemical  composition  of  the  strontianite  from  Barstow, 
Cal.  The  fqllowing  partial  analysis  was  made  in  the  laboratory 
of  the  Geological  Survey  by  R.  C.  Wells.  On  examination  in  thin 
section  and  in  oils  the  strontianite  taken  for  analysis  was  found  to 
be  homogeneous  and  free  from  inclusions  or  intergrowths  of  calcite 
or  aragonite.  The  refractive  indices,  f  and  a,  as  determined  by  the 
immersion  method,  are  respectively  1.67  and  1.52.  Consequently 
the  strontianite  shows  the  strong  difference  in  relief  characteristic 
of  calcite  and  aragonite.  The  color  is  pale  brownish  yellow,  the  in- 
tensity of  which  varies  strongly  according  to  the  direction  in  which 
the  mineral  is  viewed  under  the  microscope. 

^Dcfelter.  C.  Handbuch  der  Mineralchemle,  vol.  1,  pp.  481-483,  1912. 
*BeykIrch,  J.»  Uebcr  den  Strontianite  des  MUnaterlandes :  Neucs  Jabrb.,  Beilage  Band 
13,  pp.  396-407,  1901. 
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Partial  analysis  of  strontianite  from  Strontium  Hills,  CaU 

IR.  C.  WellB,  analyst.] 

SrO 6a99 

CaO 6. 40 

BaO None. 

SO. -       .05 

COg   (computed) 29.86 

97.30 

Computation  of  the  analysis  shows  that  the  strontianite  consists  of 
87  per  cent  of  strontium  carbonate  and  10.25  per  cent  of  calcium 
carbonate. 

As  the  calcium  carbonate  present  in  the  strontianite  is  an  isomor- 
phous  constituent  of  the  mineral  and  not  a  mechanical  admixture, 
it  can  not  be  separated  and  removed  mechanically  by  vanning  tables 
or  similar  means.  Further,  it  is  unlikely  that  strontium-bearing  ma- 
terial carrying  more  than  87  per  cent  of  strontium  carbonate  can  be 
obtained;  in  fact,  only  by  the  most  careful  sorting  of  the  "rosin 
strontianite"  will  it  be  possible  to  obtain  a  commercial  product 
running  as  high  as  87  per  cent  strontium  carbonate. 

Minerals  believed  to  be  strontianite  were  tested  at  Barstow  by  those 
prospecting  the  district  as  follows:  The  mineral  was  placed  in  acid, 
alcohol  was  added  and  ignited,  and  the  color  of  the  flame  was  noted 
in  a  darkened  room.  The  intensity  of  the  redness  of  the  flame  was 
used  as  a  measure  of  the  amount  of  strontium  present  in  the  mineral 
examined.  This  test  is  very  unsatisfactory,  inasmuch  as  the  purest 
strontianite  of  the  district,  which,  as  the  preceding  analysis  shows, 
contains  10  per  cent  of  calcium  carbonate,  gives  to  the  alcohol  flame  a 
yellowish-red  color  not  appreciably  diflFerent  from  that  imparted  by 
pure  calcite.  More  reliable  results  can  be  obtained  by  removing,  by 
means  of  a  small  loop  in  the  end  of  a  platinum  wire,  a  bit  of  the  solu- 
tion made  by  dissolving  strontianite  in  hydrochloric  acid  and  observ- 
ing the  color  produced  when  it  is  strongly  heated  in  the  flame  of  a 
Bunsen  burner,  for  the  strontium  flame  persists  longer  than  the  cal- 
cium flame.  Gasoline  or  alcohol  blast  lamps  made  especially  for  field 
use  may  be  purchased  from  chemical  supply  houses  and  are  excellent 
substitutes  for  Bunsen  burners.  Platinum  wire  may  also  be  pur- 
chased from  such  dealera  With  such  equipment,  which  costs  very 
little,  the  flame  test  for  strontium  can  be  made  with  some  degree  of 
certainty;  but  examination  of  the  flame  with  a  hand  spectroscope, 
which  may  be  purchased  from  dealers  in  chemical  supplies  at  a  mod- 
erate price,  is  far  better.  After  the  positions  of  the  characteristic 
strontium  lines  on  the  scale  of  the  spectroscope  have  been  determined 
by  examining  the  spectrum  of  a  known  strontium  salt,  reliable  tests 
for  strontium  can  be  made,  and  the  intensity  of  the  strontium  spec- 
trum will  roughly  indicate  whether  much  or  little  strontium  is  present. 

A  convenient  way  to  distinguish  between  strontianite  and  the  ex- 
^Hordinarily  similar  calcite  that  occurs  in  the  district  is  to  dilute  the 
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solution  obtained  by  dissolving  the  mineral  in  hydrochloric  acid  and 
to  add  sulphuric  acid;- a  slowly  forming  white  precipitate  coming 
down  under  these  conditions  indicates  strontium.  Caution  should  be 
observed  that  the  solution  be  kept  sufficiently  dilute,  so  as  not  to 
precipitate  out  calcium  sulphate.  The  dilution  necessary  can  be  de- 
termined by  running  a  control  test  on  a  known  amount  of  calcite,  and 
in  testing  unknown  minerals  a  quantity  equal  to  that  of  the  calcite 
employed  in  the  control  test  should  be  used.  Perhaps  a  simpler 
method  still  is  to  use  a  solution  of  calcium  sulphate  as  precipitant 
instead  of  sulphuric  acid. 

The  strontianite  in  the  analyzed  specimen  of  strontium-bearing 
rock  from  the  Upper  Brown  ledge  is  found  under  the  microscope  to 
be  rather  strongly  pleochroic  in  tones  of  brownish  yellow.  In  some 
of  the  crystals  the  coloring  matter  is  irregularly  distributed  in  a 
manner  analogous  to  that  in  certain  fluorites. 

CALCITE. 

In  the  western  part  of  the  strontianite  belt  calcite  occurs  as  fibrous 
spherulitic  aggregates  of  resinous  color,  resembling  exactly,  there- 
fore, the  "rosin  strontianite."  Chemical  examination  shows,  how- 
ever, that  the  mineral  contains  no  strontium,  and  the  determination 
of  its  refractive  indices  proves  it  to  be  calcite.  Because  of  its  remark- 
ably close  resemblance  to  strontianite  many  claims  have  been  located 
on  this  supposed  strontianite  rock. 

Calcite  occurs  also  in  the  western  part  of  the  belt  in  flat  masses 
1  inch  thick,  which  have  a  cross-fiber  structure,  resembling  flat  slabs 
of  wood  cut  at  right  angles  to  the  grain.  These  flat  slabs  of  calcite 
are  scattered  in  profusion  on  the  outcrop  of  a  thick  clay  bed,  and  at 
the  time  of  my  visit  they  were  being  sacked  in  the  belief  that  they 
were  strontianite.  They  are  noticeably  lighter  than  strontianite, 
however,  as  a  little  experience  in  handling  the  high-grade  strontianite 
rock  will  show,  and  chemical  and  microscopic  tests  prove  them  to  be 
nothing  but  calcite. 

The  calcareous  nodules  and  concretions  that  are  common  in  the 
clays  of  the  strontium-bearing  area  generally  contain  in  their  in- 
teriors crystalline  aggregates  of  calcite,  whose  color  is  like  that  of  the 
strontianite  and  causes  it  to  resemble  the  strontianite  of  the  district. 

CELESTITE. 

Celestite,  strontium  sulphate,  occurs  in  the  western  part  of  the 
strontium  belt.  It  was  particularly  noted  in  the  strontium-bearing 
ledge  known  as  the  Upper  Brown,  a  recrystallized  limestone  consist- 
ing largely  of  granular  brown  calcite,  with  minor  celestite  and  some 
strontianite.  Celestite  occurs  in  the  main  as  a  microscopic  constitu- 
ent, but  in  places  it  forms  small  glassy  crystalline  aggi*egates  of 
somewhat  smoky  tint. 
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PROBABLE   ORIGIN   OF  THE  DEPOSITS. 

At  first  glance  the  appearance  of  the  layers  of  gray  aphanitic  stron- 
tianite  suggests  that  they  are  beds  of  strontianite  that  were  deposited 
as  chemical  precipitates  from  the  lake  in  which  the  gypsiferous  clays 
were  laid  down  and  that  the  coarse  spherulitic  strontianite  is  only  a 
recrystallization  of  the  .original  fine-grained  beds.  When  all  the 
evidence  is  considered,  however,  another  explanation  becomes  more 
probable. 

Some  thin  strata  of  limestone  are  intercalated  in  the  clav  beds  con- 
taining  the  strontianite  layers,  and  these  beds  show  the  breccia  struc- 
ture that  I  have  described  as  probably  due  to  the  inclosure  of  broken 
algal  fragments  during  the  deposition  of  the  limestone.  Similar 
breccia  structure  appears  in  the  gray  strontianite,  the  angular  frag- 
ments of  the  breccia  consisting  of  aggregates  of  more  limpid  stron- 
tianite than  that  of  the  matrix  in  which  they  are  inclosed.  These 
features  suggest  that  the  strontianite  deposits  were  formed  by  the 
replacement  of  such  algal  limestone  breccias.  The  low-grade  stron- 
tium-bearing beds  of  the  western  part  of  the  field  supply  convincing 
evidence  as  to  the  validity  of  this  conclusion.  Some  of  the  limestone 
beds  are  traversed  by  ramifying  systems  of  veinlets,  which,  although 
resembling  strontianite,  consist  largely  of  calcite,  together  with 
minor  celestite.  The  rock  adjoining  the  veinlets  and  some  of  the 
limestone  beds  have  been  completely  recr^-stallized  into  brownish 
calcite,  which  in  phices  incloses  celestite  and  strontianite.  The  micro- 
scope shows  that  the  celestite,  at  least  in  part,  is  later  than  the  stron- 
tianite, as  it  traverses  radial  strontianite  in  small  veinlets.  That 
such  an  alteration  might  easily  have  occurred  appears  extremely 
probable  because  of  the  prevalence  of  gA^psum  in  the  inclosing  strata. 
Solutions  would  be  likely  to  dissolve  some  of  this  gypsum  and  would 
then  be  able  to  convert  strontianite  into  the  sulphate,  celestite. 

In  short,  then,  the  strontianite  deposits  are  believed  to  have  been 
formed  by  the  replacement  of  limestone  beds,  doubtless  by  cold  me- 
teoric waters.  The  high-grade  deposits  represent  the  most  complete 
repliicenient,  the  aphanitic  layers  being  fine-grained  replacements 
and  the  ''  rosin  strontianite  "  coarse-grained  replacements. 

SOURCES   AND   USES   OF   STRONTIUM. 

The  two  commercial  sources  of  strontium  are  celestite  and  stron- 
tianite. Celestite  is  by  far  the  more  common  and  supplies  the  bulk 
of  the  demand.  In  fact,  strontianite  has  been  mined  in  profitable 
amounts  only  in  the  Mlinster  district  in  the  Province  of  Westphalia, 
IVussia,  but  these  deposits  are  now  nearly  exhausted. 

Strontianite,  which  is  the  carbonate  of  strontium  (SrCOa),  is  the 
more  vahiable  strontium  mineral  for  two  reasons:  (1)  It  is  readily 
soluble  in  acids  and  is  therefore  easily  convertible  into  the  required 
stront'}iini  compounds,  or  it  can  be  converted  into  the  oxide  by  simple 
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(■alcination ;  and  (2)  it  contains  for  a  given  weight  more  strontium 
than  the  same  weight  of  celestite,  which  is  the  sulphate  (SrS04). 
Pure  strontianite,  represented  by  the  formula  SrCOg,  contains  59.36 
per  cent  of  strontium,  or  70.2  per  cent  of  strontia  (SrO),  whereas 
pure  celestite,  represented  by  the  formula  SrS04,  contains  47.7  per 
cent  of  strontium,  or  66.42  per  cent  of  strontia.    All  strontianites, 
however,  contain  a  certain  proportion  of  isomorphous  calcium  car- 
bonate, as  shown  on  page  261,  and  therefore  none  have  the  theoretical 
content  of  strontium ;  many  celestites,  on  the  other  hand,  closely  ap- 
proximate the  theoretical  composition.    In  i^ecent  years  strontianite 
commanded  in  the  German  market  about  six  times  the  price  of  celes- 
tite.   A  somewhat  lower  ratio  appears  to  hold  in  the  American  mar- 
ket, as  shown  in  late  quotations  for  strontium  "  ore  "  * — ^"  Crude  car- 
bonate, 83  per  cent,  7  cents  per  pound  for  200-mesh  material.    Crude 
sulphate,  90  per  cent,  1  cent  for  lumps  and  2  cents  for  200-niesh." 

The  principal  use  of  strontium  is  as  strontium  hydrate  in  the 
Scheibler  process  for  the  recovery  of  sugar  from  beet-sugar  molasses. 
This  process  is  employed  in  Germany,  Russia,  and  France,  but  not 
in  the  United  States,  apparently  on  account  of  the  high  price  of 
strontium  hydrate.  Other  uses  of  strontium  are  in  signal  lights, 
such  as  railroad  fusees,  and  in  fii*eworks,  the  purpose  of  the  strontium 
compound  in  these  uses  being  to  give  a  brilliant  red  color  to  the 
(lame  during  combustion. 

Large  amounts  of  molasses  are  unavoidably  produced  during  the 
manufacture  of  beet  sugar.  The  production  of  this  molasses  is 
luidesirable,  as  it  contains  more  than  half  its  weight  in  sugar,  which 
is  prevented  from  crystallizing  out  because  of  the  presence  of  certain 
constituents.  Approximately  150,000  tons  of  molasses  of  this  origin 
was  produced  in  the  United  States  during  the  season  of  1916,  and 
about  one-half  of  this  quantity  was  "  desugarized  " — ^that  is,  the  sugar 
was  extmcted  in  marketable  form.  Three  processes  are  available  for 
the  desugarization  of  molasses,  but  in  the  United  States  only  the 
Steffens  process  is  employed.  According  to  Meyer,^  of  the  three 
procesises  available, 

The  most  effective,  efliclent.  niui  economlnil  is  tlie  strontia  or  Sflu»il)ler 
process.  This  depends  on  the  reaction  that  occurs  when  an  excess  of  strontium 
hydroxide  Is 'added  to  a  dilute  supir  solution  at  a  temperature  excoeilinjr  100°  C. 
The  work  la  carried  out  in  suitable  boilers  provided  with  steam  coils  and 
agitators,  a  2J0  per  cent  to  25  \)er  cent  solution  of  tlie  hydroxide  ])elnjr  first 
heated  and  the  molasses  added  in  amount  e^iual  to  al>out  one-third  that  of  the 
strontium  solution.  The  liquid  is  then  rapidly  ajcitatetl.  the  temiKM-ature  behij:: 
kept  above  100**  C,  when  there  occurs  a  j^ranular,  sandy  precipitate  of  strontium 
dlKUcrate.  This  Is  rapidly  filtereil  and  washed  with  a  boiling  10  vor  cent 
solution  of  strontium  hydroxide,  the  disucrate  bein^^  insoluble  in  hot  solutions. 


^Eng.  and  Mln;  Jour.,  yol.  104,  p.  109,  July  14.  1017.    QuotntionH  supplied  by  Foote 
Mlneml  Co.,  Pblhfdolphla. 

'Mvyer,  H.  C  Qtrontlum  In  the  beet-sugar  Industry :  Jour.  lud.  Vi\\.%,  M\\^\s\%\\^^  nq\.  ^> 
pp.  1086-10S7.  19*114. 

saiss^'-JSr  -Bull.  66a — is 


266      .  CONTRIBUTIONS  TO  ECONOMIC  GEOLOGY,  1917,  PABT  I. 

After  the  precipitate  has  been  thoroughly  washed,  it  is  dissolved  in  a  cold 
solution  of  hydroxide  and  allowed  to  stand  for  several  days  In  crystallizing 
tanks.  At  the  end  of  this  time  about  50  per  cent  of  the  hydrate  separates  in 
crystalline  form  and  the  saccharine  solution  is  decanted  and  the  crystalline 
residue  centrifuged  to  free  it  from  the  solution.  Carbon  dioxide  is  then  passed 
through  the  sugar  solution,  thus  causing  a  precipitation  of  the  balance  of  the 
strontium  as  the  carbonate.  This  compound  is  reconverted  into  the  hydroxide 
by  calcining  and  dissolving  the  resultant  oxide  in  water.  The  ratio  of  the  total 
strontium  hydroxide  required  for  the  precipitation  of  sugar  in  the  beet  molasses 
iB  approximately  2i :  1.  A  remarkably  pure  sugar  solution  is  obtained  by  the 
stroDtia  process,  so  that  the  sugar  after  crystallization  can  be  placed  directly 
on  the  market  without  further  refining. 

At  the  present  time  the  methods  in  vogue  in  this  country  are  the  osmosis  and 
the  lime  or  Steffens  process.  The  former  is  rather  slow  and  necessitates  the 
handling  of  the  same  solution  a  number  of  times.  The  lime  process  requires 
special  cooling  apparatus,  as  the  temperature  of  the  sugar  solution  must  be 
kept  below  15*  C.  during  the  precipitation  of  the  tricalclum  sucrate,  which  is 
readily  soluble  at  a  higher  temperature.  There  are  numerous  other  minor 
objections  to  both  of  these  processes,  so  that  although  the  initial  cost  of  the 
strontia  process  may  be  more  than  either  of  these^  it  can  be  readily  seen  that 
it  is  much  more  effective  and  rapid. 

In  connection  with  the  regeneration  of  strontium  hydrate,  an  American 
patent  has  just  been  issued  describing  a  process  for  the  rapid  conversion  of 
strontium  carbonate  into  the  oxide  through  the  use  of  certain  fluxes,  such  as 
fluorspar,  soda  ash,  etc.  In  the  past  some  difficulty  has  been  experienced  in 
treating  the  impure  strontium  carbonate  precipitated  from  sugar  solutions, 
owing  to  its  being  contaminated  with  lime,  silica,  and  certain  organic  substances. 

Statistics  show  that  Germany  desaccharlzes  annually  about  100,000  tons  of 
beet-sugar  molasses.  As  nearly  all  the  continental  beet  molasses  is  desugarized 
by  the  strontia  process,  this  would  indicate  that  over  100,000  tons  of  strontium 
hydroxide' are  employed  in  Germany  alone.  It  must  be  remembered,  however, 
that  this  does  not  indicate  the  annual  consumption,  which  is  probably  very  much 
less  than  this  figure,  owing  to  the  fact  that  the  strontium  compounds  are  nearly 
all  recovered  by  various  regenerative  processes,  so  that  the  percentage  of  loss 
is  rather  small. 

DOMESTIC   PRODUCTION.* 

In  1916  about  250  tons  of  strontium-bearing  material  was 
duced  in  the  United  States,  mainly  from  Arizona,  California, 
Washington.     In  previous  years  there  had  been  no  domesti^^pro- 
duction,  the  demand  being  supplied  by  the  importation  of  '^  English 
celestite.    The  embargo  placed  by  the  British  Governmen     ^  -^  191^ 
on  the  exportation  of  all  strontium  compounds,  combj     -^^^  ^'\th 
other  abnormal  conditions  produced  by  the  war,  has  ^rid^tituu\ated 
domestic   production   and   has   awakened   considerable   is  tYutetest  itv 
domestic  sources  of  strontium.  ;  pi 

THE     CHIEF     COMMERCIALLY     PRODUCTIVIJ*^^     ©T^O^- 

TIUM   DEPOSITS   OF  EUROPE. 

Those  engaged  in  prospecting  and  developing  new  C^-^i  deposits  ot 
strontium  are  greatly  interested  in  all  information  on  it*'    ^  the  gc^^^^ 


^  Hill,  J.  M.,  Strontium  :  U.  S.  Geol.  Surrey  Mineral  Resources,  1916,  pt  •         1    2,  P 
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and  economic  features  of  the  world's  commercially  productive  stron- 
tium deposits.  The  deposits  of  England,  Germany,  and  Sicily  have 
heretofore  dominated  the  world's  strontium  market.  As  the  in- 
formation concerning  these  deposits  has  been  so  far  nowhere  brought 
together,  it  is  accordingly  assembled  in  the  following  pages  in  sum- 
marized form.  The  American  deposits  are  fully  described  by  Phalen  * 
and  by  Hill.» 

CELESTITE  DEPOSITS  OF  THE  BBISTOL  DISTBICT,  ENGLAND.* 

The  productive  celestite  deposits  of  England  are  near  Yate,  in 
Gloucestershire,  10  miles  northeast  of  Bristol.  Formerly  celestite 
was  produced  at  several  other  localities  in  Gloucestershire  and  also 
in  Somerset,  south  of  Bristol. 

English  celestite  is  unsalable  if  it  contains  less  than  90  per  cent 
strontium  sulphate.  The  output  has  fluctuated  greatly;  the  maxi- 
mum annual  output,  82,281  long  tons,  was  made  in  1902,  and  in  recent 
years  it  has  ranged  from  4,761  to  19,370  long  tons.  The  output  and 
value  of  English  celestite  is  shown  in  the  following  table: 

Celestite  produced  in  England,  1910-1914. 


Quantity 
(long  tons). 

Valae.a 

1910 

4,761 

0,869 

19,370 

18,425 

13,157 

£3,570 

4,400 

15.020 

1911 

1912 

1913 

14,287 

1914 

aSome  of  tbese  valafis  are  reported  to  be  only  estimates. 


b  Not  available. 


In  explanation  of  the  irregular  output  of  English  celestite,  Sher- 
lock says : 

It  Is  not  unUkely  that  the  more  mnrked  of  tbese  changes  are  due  to  varia- 
tions In  the  demand  for  strontia  in  the  beet-sugar  industry.  Scheibler  seems  to 
have  published  his  strontia  process  in  1882,  and  in  that  year  it  was  announced  * 
that  a  large  refinery  for  sugar  was  to  be  erected  in  Bohemia  for  working 
molasses  by  means  of  strontia.  The  undertaking  was  organized  by  the  refinery 
at  Dessau  (the  destination  of  the  English  strontium),  which  also  had  at  its 
disposal  the  strontianite  deposits  of  Westphalia.  It  would  appear  that  this 
process  was  not  wholly  successful,  and  this  may  be  the  explanation  of  the  great 
drop  in  the  value  of  strontium  in  1885.  Scheibler  invented  an  improved  method 
in  1886,  which  has  been  a  success  and  may  explain  the  irregular  rise  in  output 
which  lasted  until  1903.  The  problem  is  complicated  by  the  fact  that  only  a 
limited  amount  of  molasses  has  its  sugar  extracted,  the  greater  part  being  used 
for  cattle  food. 

1  Phalen,  W.  C,  Celestite  deposits  in  California  and  Arizona :  U.  S.  Geol.  Survey  Bull. 
540,  pp.  526-531.  1013. 

*  HiU,  J.  M.,  op.  dt. 

■  Sherlock,  R.  L.,  Celestine  and  strontianite :  Special  Reports  on  Mineral  Resources  of 
Great  Britain,  vol.  3.  pp.  41-54 ;  England  and  Wales  Geol.  Survey  Mem.,  1915. 

♦  Jonr.  fabr.  sucre,  1882 ;  Jour.  Chem.  Industry. 
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The  celestite-bearing  belt  at  Yate  is  about  600  yards  wide  and  5 
miles  long.  The  celestite  occurs  as  irregular  masses  and  lenses  local- 
ized along  a  definite  hprizon  in  Triassic  marl;  it  occurs  also  in  fis- 
sures in  the  underlying  steeply  dipping  rocks  on  which  the  marl 
was  unc6nformably  deposited.  The  layers  of  celestite  are  locally  as 
much  as  3  feet  thick  but  pinch  out  abruptly.  Although  not  con- 
tinuous, they  appear  again  farther  on  at  the  same  level.^  Gypsum 
occurs  near  the  celestite  masses  but  not  in  them. 

The  celestite  is  prospected  by  probing  with  a  boring  tool.  If  none 
is  found  to  a  depth  of  9  feet,  a  new  site  is  chosen.  If  celestite  is 
found,  a  pit  is  dug  and  enlarged  as  the  mineral  is  extracted.  If  the 
floor  on  which  the  marl  rests  is  reached,  a  crowbar  is  used  to  find 
any  mass  of  celestite  that  may  occur  in  the  bedding  planes  of  the 
underlying  rocks  or  in  cavities  in  them.  One  pit  may  yield  several 
thousand  tons,  whereas  the  next  may  yield  very  little.  About  one 
half  the  celestite  obtained  comes  from  the  marl  and  the  other  half 
from  the  underlying  rocks.*  The  workings  are  all  shallow,  and,  as 
they  are  on  flat  ground,  they  become  flooded  during  the  winter,  so 
that  operations  must  be  suspended. 

SICILIAN  CSLESTITE  DEPOSITS. 

Celestite  occurs  in  the  Sicilian  sulphur  deposits  in  association  with 
crystallized  sulphur,  aragonite,  calcite,  and  gypsum."  These  min- 
erals are  localized  in  fissures,  where  they  have  been  deposited  from 
solutions  that  have  partly  dissolved  and  redeposited  the  minerals  of 
the  primary  sulphur  and  gypsum  beds,  which  are  of  upper  Miocene 
age.  At  certain  localities  the  celestite  occurs  in  considerable  quanti- 
ties and  is  worked  for  export.  At  the  Grotta  Calda  mine  layers  of 
celestite  7  to  8  centimeters  thick  alternate  with  beds  of  limestone  and 
sulphur. 

The  production  is  not  accurately  known  but  at  times  is  fairly  large, 
as  considerable  quantities  have  been  shipped  to  Germany.  Accord- 
ing to  Sherlock  *  the  price  of  English  celestite  "  is  kept  down  by  the 
extensive  deposits  in  Sicily,  which  ordinarily  do  not  pay  for  trans- 
port on  mule  back  to  the  coast.  But  when  the  price  rises  a  little 
above  the  present  figure  the  Sicilian  deposits  come  on  the  market  and 
prevent  further  advance." 

WESTPHAUAN  STBONTIAKITE  DEPOSITS." 

The  German  strontianite  deposits  are  in  the  Miinster  district, 
Westphalia,  in  western  Prussia.    As  long  ago  as  1834  strontianite 

^  Baker,  B.  A.,  Celestlne  deposits  of  the  Bristol  district :  Bristol  Naturalists  Soc.  Proc., 
vol.  9,  p.  162,  1901. 

■Sherlock,  R.  L.,  op.  clt.,  p.  47. 

«  Stutzer,  O.,  Die  wlchtigsten  Lagerstfttten  der  Nlcht-Brae,  pp.  206-207»  1911. 

*  Sherlock,  R.  L.,  op.  cit.,  p.  64. 

B  Venator,  Emll,  Ueber  das  Vorkommen  und  die  Gewinnung  von  Strontlanlt  in  West- 
fa  len :  Berg.  u.  inittcnm.  Zoltung.  Jahrg.  41,  pp.  1-4,  11-13,  18-19,  1882.  Dammer,  B. 
and  Tietze,  O.,  Die  nutzbaren  Mineralien.  Band  1,  pp.  463-167,  1913. 
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was  known  to  occur  here,  but  not  until  1874  were  the  deposits  largely 
or  systematically  worked.  In  the  early  seventies  the  managers  of 
the  sugar  refinery  at  Dessau  decided  to  use  the  strontia  process  for 
extracting  the  sugar  from  molasses,  and  in  1874  the  strontianite 
deposits  of  the  Miinster  district  were  examined  with  a  view  to  de- 
termining whether  a  large  and  steady  production  of  strontium  could 
be  attained.  As  a  result  of  favorable  recommendation,  the  deposits 
were  developed  by  the  refinery,  and  a  veritable  boom  set  in.  At  the 
height  of  the  mining  activity,  in  1883,  45  mines  were  in  operation 
and  2,350  men  were  employed.  The  mine  owned  by  the  Dessau 
refinery  employed  alone  600  men.  The  strontianite  at  the  end  of  the 
seventies  commanded  a  price  of  $100  a  ton.  In  1910  there  were  only 
two  mines  in  operation,  which  produced  800  tons  of  strontianite, 
reckoned  on  the  basis  of  100  per  cent  strontium  carbonate,  the  aver- 
age value  of  which  was  $40  a  ton.* 

The  strontianite-bearing  area  is  24  square  miles  in  extent.  The 
prevailing  country  rock  is  a  rather  firm  bluish-gray  calcareous  shale 
("  marl ")  of  Cretaceous  age.  This  formation  is  traversed  by  a  large 
number  of  veins,  which  generally  dip  from  70®  to  90°,  or  nearly  at 
right  angles  to  the  bedding.  The  larger  veins  are  remarkably  per- 
sistent, some  of  them  being  traceable  for  more  than  a  mile.  They 
vary  abruptly  in  thickness,  ranging  from  a  mere  film  of  clay  to 
bodiies  6  feet  and  exceptionally  10  feet  thick.  The  vein  filling  con- 
sists of  strontianite,  calcite,  shale  fragments,  and  a  small  amount 
of  pyrite.  Many  of  the  veins  are  symmetrically  banded,  the  calcite 
forming  the  layers  adjoining  the  walls  and  the  strontianite  occupying 
the  central  part  of  the  veins.  The  strontianite  occurs  in  the  veins 
as  lenses  also,  some  of  which  attain  as  much  as  60  feet  in  length.  The 
barren  stretches  between  such  strontianite  lenses  are  commonly  rather 
long.  In  depth  the  veins  contain  more  and  more  calcite,  and  this 
impoverishment,  together  with  the  heavy  inflow  of  water,  made  them 
become  unprofitable,  so  that  they  were  unable  to  survive  competition 
with  English  celestite.  The  deepest  working  attained  a  depth  of  175 
feet.  Only  two  veins,  which  range  from  8  to  12  inches  in  thickness, 
were  being  worked  in  1911. 

SUMMARY  AND  CONCLUSIONS, 

The  strontianite  deposits  near  Barstow,  Cal.,  have  been  formed  by 
the  replacement  of  lacustral  limestone  beds  that  are  interstratified 
in  the  clays  of  the  middle  member  of  the  "  Barstow  forfnation,"  of 
upper  Miocene  age.  They  thus  differ  considerably  from  the  only 
other  commercially  productive  strontianite  deposits — those  of  the 
Miinster  district,  Westphalia — ^which  consist  of  a  series  of  steeply 
dipping  veins  cutting  horizontal  marine  calcareous  shales  of  Upper 
Cretaceous  age.     They  resemble  the  Westphalian  deposits  in  one 

^  Scbolze-Hdlng,  Der  Btrontianltbergbau  Im  Re^eningsbezirk  MUnster :  Gltickaaf,  voL 
48,  pp.  618-610,  1012. 
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fundamental  respect,  however — ^they  were  formed  later  than  the 
strata  that  inclose  them. 

The  California  strontianite  occurs  in  two  forms.  The  high-grade 
strontianite  is  crystallized  in  slender  needles  which  make  up  radial 
and  spherulitic  aggregates;  the  lower-grade  material  resembles  ex- 
ceedingly fine  grained,  dense  gray  limestone.  No  great  quantity  of 
strontianite  is  in  sight  at  any  one  point,  but  the  number  of  places  at 
which  strontianite  has  been  found  is  surprisingly  large. 

A  considerable  amount  of  strontianite  can  readily  be  obtained  by 
gathering  the  high-grade  float  from  the  numerous  strontium-bearing 
beds.  Deep  mining  will  be  impracticable,  if  not  impossible,  on 
account  of  the  loose,  unconsolidated  condition  of  the  clays  in  which 
the  strontif erous  beds  are  inclosed,  and  all  operations  will  necessarily 
be  restricted  to  open-cut  work.  An  initial  shipment  of  7  tons  of  high- 
grade  strontianite  was  made  early  in  1917  to  a  manufacturing  chemist 
at  Los  Angeles  to  be  worked  up  into  strontium  salts. 

The  requirements  of  the  beet-sugar  industry  have  hitherto  dom- 
inated the  world's  strontium  market.  These  requirements  centered 
in  Germany,  which  supplied  the  strontium  hydrate  required  not  only 
by  its  own  refineries  but  also  by  those  of  France  and  doubtless  those 
of  Russia.  The  German  demand  and  the  English  supply  of  celes- 
tite  have  in  the  past  determined  the  market  price  of  strontium  ore. 
These  conditions  have  been  gravely  affected  by  the  war  and  the 
British  embargo  on  the  exportation  of  all  strontium  compounds, 
crude  or  manufactured.  As  a  result  the  production  and  search  for 
new  deposits  in  the  United  States  has  been  strongly  stimulated,  but 
the  permanence  of  the  domestic  strontium  industry  would  seem  to 
depend  on  the  adoption  of  the  strontia  process  by  American  beet- 
sugar  refineries ;  and  this,  in  turn,  probably  depends  on  the  assurance 
of  a  regular  supply  of  strontium  hydrate  at  a  reasonable  price. 

In  recent  years  strontianite  has  commanded  more  than  three  times 
the  price  of  celestite.  Therefore,  although  English  celestite  contain- 
ing less  than  90  per  cent  of  strontium  sulphate  is  unsalable,  it  seems 
reasonable  to  expect  that  strontianite  ore  carrying  considerably  less 
than  90  per  cent  of  strontium  carbonate  would  find  a  market;  and, 
in  fact,  recent  quotations  show  that  material  containing  as  low  as 
83  per  cent  of  strontium  carbonate  is  acceptable. 

In  conclusion  it  may  be  pointed  out  that  the  discovery  of  stron- 
tianite in  the  lake  beds  of  the  Barstow  syncline  suggests  the  possi- 
bility that  similar  deposits  may  be  found  wherever  the  same  series 
of  lake  beds  occurs  in  the  region  adjacent  to  Barstow.  The  areas  in 
which  these  beds  are  likely  to  occur  have  been  outlined  by  Pack^ 
and  are  shown  on  Plate  XI,  which  is  reproduced  from  his  report. 

» Pack.  R.  W.,  Roconnnissance  of  the  Barstow-Kramer  regrion,  Cal. :  U.  S.  Geo!.  Survey 
Bull.  541,  pp.  141-154,   1914. 


possmnjTiES  for  manganese  ore  on  certain 

UNDEVELOPED  TRACTS   IN   THE  SHENANDOAH  VAL- 
LEY, VIRGINU. 


By  D.  F.  Hewett,  G.  W.  Stose,  F.  J.  Katz,  and  H.  D.  Miser. 


SCOPE  OF  INVESTIGATION  AND  REPORT. 

Studies  of  ore  deposits  aim  to  interpret  the  associations  of  ores, 
in  order  that  the  systematic  exploitation  of  known  deposits  or  the 
search  for  unknown  ones  may  be  carried  on  intelligently.  Such 
studies  attempt  to  determine  the  source  of  the  materials  that  make  up 
the  ore  and  associated  minerals,  the  conditions  that  determine  the 
favorable  places  for  accumulation,  the  processes  by  which  the  accu- 
mulation has  been  accomplished,  and  the  subsequent  processes  that 
have  affected  the  deposit  or  brought  it  to  view  at  the  surface. 

It  is  apparent  that  any  attempt  to  determine  areas  that  may  con- 
lain  ore  deposits  now  unknown  must  be  based  upon  a  sound  even  if 
incomplete  hypothesis  concerning  the  origin  and  mode  of  occurrence 
of  the  ores,  and  such  a  hypothesis  can  be  formulated  only  after  many 
deposits  of  the  particular  ore  sought  have  been  thoroughly  explored 
and  studied. 

Manganese  minerals  are  widely  distributed  in  Virginia,  and  a 
fairly  complete  explanation  of  the  origin  of  the  large  deposits,  which 
are  sources  of  ore,  will  be  possible  only  when  many  deposits  have 
been  examined  in  detail.  Although  much  remains  to  be  learned  in 
future  work,  it  is  believed  that  sufficient  is  now  known  concerning 
some  types  of  these  deposits  in  Virginia  to  warrant  the  direction  of 
effort  toward  exploration  in  areas  where  unknown  deposits  may  be 
found. 

This  report  aims  to  present  briefly  the  results  of  field  work  in  a 
part  of  Virginia  where  many  manganese  deposits  are  known.  The 
examination  was  directed  toward  the  discovery  of  areas  likely  to  con- 
tain manganese,  with  the  aid  of  data  gathered  in  a  study  of  the  geo- 
logic relations  of  known  deposits.  The  field  work  was  done  in  coop- 
eration with  the  Geological  Survey  of  Virginia.  As  it  has  brought 
forth  much  information  concerning  the  nature  and  structure  of  the 
rocks  associated  with  the  manganese  ores,  which  may  greatly  aid  the 
operators  of  producing  mines,  a  more  detailed  report  will  be  pub- 
lished later  by  the  Virginia  Survey. 
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AREA  EXAMINED  AND  METHODS  EMPLOYED. 

Northwestern  Virginia  has  long  been  the  source  of  much  of  the 
manganese  ore  mined  in  the  United  States,  and  at  times  it  has  been 
the  scene  of  active  prospecting  in  the  hope  that  other  extensive 
deposits  like  that  at  the  Crimora  mine  might  be  discovered.  The 
manganese  deposits  lie  along  the  east  side  of  the  Shenandoah  Val- 
ley, at  the  foot  of  the  Blue  Eidge.  For  the  present  investigation  a 
narrow  belt  was  selected  extending  from  Front  Royal  at  the  north 
to  a  point  about  10  miles  southwest  of  Waynesboro  at  the  south. 
(See  fig.  26.)     This  strip  is  about  85  miles  long  and  averages  4  miles 
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FiQUBB  26. — Index  map  of  northern  Virginia,  showing  location  of  undeveloped  tracts 
recommended  as  favorable  for  prospecting  for  manganese.  Tracts  are  numbered  in  the 
order  of  prospective  promise. 

wide,  and  the  Crimora  mine  occupies  a  central  position  in  it.  A  pre- 
liminary geologic  map  of  the  area  has  been  prepared,  and  this  will  be 
published  in  the  report  of  the  Geological  Survey  of  Virginia. 

The  method  of  study  was  very  similar  to  that  which  would  have 
been  employed  in  making  a  detailed  areal  map  of  the  region.  Trav- 
erses were  run  along  the  roads  and  up  the  streams  that  cross  the  belt 
nearly  at  right  angles  to  the  trend  of  the  bedded  rocks.  By  this 
means  the  attitude  of  the  beds  was  determined  and  the  boundaries  of 
the  rock  formations  were  located.  The  adjacent  mountains  were 
climbed  where  more  information  was  needed  or  where  a  general  view 
was  desired  for  the  purpose  of  location.  This  was  essential  in  many 
places  on  account  of  the  inadequate  exposures  of  the  rocks  in  the 
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lowlands  and  the  necessity  of  resketching  the  topographic  base  map 
where  it  was  inaccurate.  Where  the  rocks  were  found  so  broken  by 
weathering  or  so  covered  by  rock  waste  that  the  bedding  could  not  be 
determined,  the  structure  was  inferred  by  the  study  of  surface  forms 
and  the  distribution  of  distinctive  debris  derived  from  the  several 
formations. 

In  addition  to  the  traverses  for  the  purpose  of  making  the  map  and 
determining  the  structure  of  the  rocks,  manganese  and  iron  mines, 
prospect  pits,  and  holes  of  any  sort  where  information  as  to  the 
relation  of  the  ore  to  the  bedrock  might  be  observed  were  examined. 
At  only  a  few  places  was  the  unaltered  limestone  in  the  mine  pits 
visible,  but  the  relation  of  the  ore  to  the  residual  clay  and  to  the 
wash  was  carefully  scrutinized.  The  clay  in  most  of  the  deeper 
mines  and  in  some  of  the  shallow  pits  was  found  to  preserve  the 
original  bedding  of  the  impure  dolomite  and  limestone,  so  that  the 
structural  relations  of  the  ore  to  these  rocks  could  be  determined. 

THE   MANGANESE   DEPOSITS. 

GENEBAIi  FEATITBES. 

The  known  manganese  deposits  of  this  part  of  Virginia  are  masses 
of  oxides  that  are  associated  with  rocks  of  several  different  types 
and  have  diverse  structural  relations.  Some  bodies  of  the  oxides  are 
rather  large  and  so  pure  that  they  may  be  mined  and  shipped  with- 
out prelminary  treatment.  Other  masses  are  composed  of  nodules 
disseminated  through  clay  in  proportions  that  have  a  wide  range. 
The  material  from  such  deposits  must  be  washed  to  procure  ore  of 
high  enough  grade  to  warrant  shipping. 

A  complete  discussion  of  the  origin  of  the  deposits  should  include 
geologic  data  of  several  kinds,  such  as  the  distribution  of  manganese- 
bearing  rocks  and  minerals,  the  chemical  properties  of  manganese 
compounds  and  natural  minerals,  the  character  of  the  ground  water 
of  the  region,  the  characteristics  and  stratigraphic  relations  of  the 
rocks  with  which  the  ores  are  associated,  the  local  structure  of  the 
rocks,  and  the  surface  features  resulting  from  the  erosional  processes 
that  have  affected  the  region.  Brief  statements  concerning  data  of 
the  last  three  kinds  only  are  presented  in  this  report,  as  they  are 
used  in  outlining  favorable  areas  for  the  accumulation  of  the  ores. 

BOCKS  WITH  WHICH  THE  QBE  IS  ASSOCIATED. 

The  rocks  which  occur  in  the  vicinity  of  the  manganese  deposits 
of  the  Blue  Ridge  and  adjacent  part  of  the  Shenandoah  Valley  in- 
clude sandstone,  shale,  limestone,  and  dolomite  and  the  older  crystal- 
line rocks  on  which  these  rest.  The  oldest  crystalline  rock  present 
in  the  area  is  granite.  The  other  crystalline  rocks  are  greenstone, 
greenstone  schist,  and  sericite  schist,  which  were  originally  molten 
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lavas.  The  massive  greenstone  is  very  resistant  to  weathering — that 
is,  it  is  not  readily  soluble  in  water  nor  easily  broken  up  by  frost  and 
rain — and  therefore  it  f onius  the  highest  summits  of  the  Blue  Ridge 
throughout  this  area* 

Immediately  overlying  the  crystalline  rocks  are  sandstones  and 
quartzites,  composed  in  part  of  unassorted  debris  derived  from  the 
disintegration  of  the  older  crystalline  rocks.  These  beds  range  from 
soft  arkose  through  harder  arkosic  sandstone  to  hard  gray  sandstone 
and  dark  ferruginous  quartzite.  With  them  are  associated  beds  of 
slaty  argillaceous  sandstones.  Some  of  the  basal  beds  have  rounded 
grains  and  small  pebbles  of  quartz,  which  are  usually  clear  and  trans- 
parent, though  some  have  an  opaline  blue  color.  Besides  quartz 
there  are  grains  of  feldspar,  generally  chalky  white  from  weathering, 
and  considerable  clay  and  iron  oxide.  A  spotted  sericite  schist,  rep- 
resenting a  thin  amygdaloidal  lava  flow,  occurs  at  several  places  in- 
terbedded  with  the  lowest  sedimentary  beds.  These  rocks  have  been 
called  the  Unicoi  formation  in  northern  Tennessee,  and  that  name 
will  be  used  in  this  report.  They  are  equivalent  to  the  Weverton 
sandstone  and  Loudoun  formation  of  Maryland  and  northern  Vir- 
ginia. Their  thickness  in  this  area  is  estimated  to  be  1,750  to  2,000 
feet.  The  formation  is  best  exposed  in  the  cuts  of  the  Southern 
Railway  4  miles  east  of  Front  Royal  but  is  also  well  shown  on  the 
Simmons  Gap  road  south  of  Elkton  and  elsewhere  in  the  belt  between 
the  main  Blue  Ridge  and  the  front  foothills. 

Overlying  the  Unicoi  formation  are  dark-gray  shales,  slates,  and 
thin  sandstones  which  in  noithem  Tennessee  constitute  the  Hampton 
shale.  The  shales  and  slates  are  mostly  sandy  and  weather  to  hackly 
outcrops,  so  that  in  many  places  their  original  character  and  bed- 
ding can  not  be  clearly  discerned.  Some  of  the  shale  is  dark  and 
banded  but  weathers  to  soft  buff  rock.  The  formation  is  the  same 
as  the  lower  part  of  the  Harpers  shale  of  northern  Virginia.  It  is 
estimated  to  be  about  400  feet  thick  in  this  area  but  may  be  much 
thicker,  as  it  is  in  general  highly  folded.  Typical  rocks  of  the 
Hampton  and  Unicoi  formations  are  easily  distinguished,  but  the 
two  formations  were  not  separately  mapped  everywhere  in  the  field, 
because  there  are  shaly  rocks  in  the  Unicoi  and  hard  sandstones  and 
arkoses  in  the  Hampton.  All  these  rocks  weather  more  easily  than 
either  the  underlying  greenstone  or  the  overlying  massive  white 
quartzite,  so  that  they  form  depressions  or  subordinate  ridges  be- 
tween the  main  Blue  Ridge  on  the  east  and  the  outer  foothill  ridges 
on  the  west. 

The  next  higher  formation  is  a  massive  white  quartzite,  the  out- 
tTops  of  which  make  prominent  ridges  in  this  region.  It  is  here 
called  the  Erwin  quartzite.  The  western  foothills  of  the  Blue  Ridge 
throughout  most  of  the  area  are  composed  of  this  rock,  and  in  many 
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places  it  forms  the  front  ridges.  The  formation  in  this  region  is 
generally  made  up  of  three  massive  cliff-making  ledges  separated  by 
thinner-bedded  sandstones.  The  thickness  in  the  measured  section 
given  below,  the  best-exposed  section  in  this  region,  is  500  feet,  but  it 
appears  elsewhere  to  be  much  greater,  possibly  1,000  feet. 

Section  of  EruHn  quartzite  ifi  Blue  Ridge  near  Stanley,  Va, 

Feet 
White  sandstone  fuU  of  scolithus ;  crumbles  readily  to  sand. 

Rarely  exposed  In  place.    Upper  layers  harder;  weather 

red  to  rusty  and  porous 120 

Upper   cliff:  Hard   white   thick-bedded   vitreous  quartzite. 

Contains  some  scolithus 40 

Partly  covered,  probably  crumbly  white  sandstone 90 

Middle  cliff :  Hard  thick  massive  beds  of  blulsh-whlte  vitre- 
ous quartzite , 80 

Covered,  probably  crumbly  sandstone 70 

Low^  cliff:  Hard  white  vitreous  quartzite.    Contains  some 
scoUthus I 100 

500 

The  cliff-making  ledges  consist  largely  of  massive  beds  of  dense 
white  quartzite,  some  of  which  are  15  to  20  feet  thick  without  a 
visible  trace  of  bedding.  Many  of  the  beds  contain  casts  of  worm 
tubes  (scolithus),  and  as  these  were  vertical  when  the  sediments  were 
deposited  they  may  be  used  to  determine  the  bedding  of  the  rocks, 
which  is  at  right  angles  to  them.  This  formation  is  the  same  as  the 
Erwin  quartzite  of  northern  Tennessee  and  has  also  been  correlated 
with  the  Antietam  sandstone  of  northern  Virginia.  It  is  believed, 
however,  to  represent  not  only  the  Antietam  but  also  a  lower  quartz- 
ite, the  Montalto  quartzite  of  southern  Pennsylvania,  which  is  a  mem- 
ber of  the  Harpers  shale. 

In  the  Shenandoah  Valley  the  Erwin  quartzite  is  overlain  by  a 
great  thickness  of  limestone  and  shale,  but  only  those  beds  immedi- 
ately adjacent  to  the  mountain  front  need  here  be  considered.  The 
formation  that  normally  lies  above  the  Erwin  quartzite — the  Shady 
dolomite — ^is  composed  largely  of  coarse  dolomite  containing  chert 
nodules  and  beds  of  impure  shaly  limestone.  Because  of  the  solu- 
bility of  the  dolomite  it  readily  breaks  down  into  grains  and  finally 
weathers  into  red  clay  and  is  generally  not  visible  at  the  surface.  It 
therefore  forms  a  deep-red  granular  and  clayey  soil  containing  chert 
fragments  and  underlies  low  valleys.  Some  yellow  laminated  clay  or 
ocherous  layers  at  the  base  represent  banded  argillaceous  limestones. 
Unallotted  dolomite  has  been  exposed  only  in  a  few  shafts  and  tunnels 
in  the  region.  The  formation  is  the  same  as  the  Shady  limestone  of 
northern  Tennessee  and  is  equivalent  to  the  Tomstown  limestone  of 
southern  Pennsylvania  and  Maryland.    It  is  reported  to  be  1,800  feet 
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thick  in  the  vicinity  of  Natural  Bridge,  and  it  has  probably  about  the 
same  thickness  here. 

The  next  recognized  formation  of  the  limestone  group  is  a  shale 
called  Watauga  in  northern  Tennessee.  Its  characteristic  color  is 
reddish  purple,  but  in  this  area  it  is  generally  so  much  weathered  that 
it  is  buff  colored.  In  places  it  is  weathered  to  purple  and  buff  banded 
ocherous  clay,  as  at  the  ocher  mine  10  miles  southwest  of  Luray.  It 
contains  thin  calcareous  shales  and  blue  limestone  beds  and  in  places 
thinly  laminated  ripple-marked  sandstone,  which  is  best  displayed 
east  of  Front  Koyal,  It  is  the  equivalent  of  the  Waynesboro  shale 
of  southern  Pennsylvania  and  Maryland,  which  is  conspicuously  pur- 
ple and  sandy.  The  thickness  in  this  area  could  not  be  determined, 
because  of  poor  exposures.  The  formation  is  reported  to  be  900 
feet  thick  in  the  vicinity  of  Natural  Bridge,  where  it  is  better  exposed, 
but  it  does  not  appear  to  be  so  thick  in  this  area.     Above  the  Watauga 


FiODRH  27. — Gonrrallied  structare  section  of  the  west  front  of  the  Blue  Ridge  bdiI  the 
sdjacent  part  of  the  Sheaandoah  VaUey,  Hhowlng  the  normal  relatlona  of  the  rocka  and 
their  former  extent  (daabed  Unes)  before  removal  by  eroaloo. 

shale  are  limestones  and  dolomites  that  have  not  been  differentiated 
in  this  area,  and  as  they  need  not  be  considered  in  the  present  connec- 
tion, they  will  not  be  described. 

All  the  sedimentary  rocks  above  described  are  geologically  very 
old.  No  fossils,  except  the  worm  tubes  in  the  Erwin  quartzite,  were 
found  in  them  in  this  area,  but  casts  of  shells  and  other  fossils  have 
been  found  in  the  equivalent  formations  elsewhere,  and  they  are  there- 
fore known  to  belong  in  the  Cambrian  and  to  be  among  the  oldest 
fossilifcrous  rocks  known  in  the  eastern  part  of  the  continent. 

The  sediments  were  nearly  horizontal  when  they  were  laid  down  in 
the  sea.  The  beds  are  now  in  most  places  steeply  inclined  and  folded 
into  long  troughs  (synclines)  and  arches  (anticlines)  whose  axes  are 
parallel  to  the  northeasterly  trend  of  the  mountain  ridges.  (See  fig. 
27.)  After  being  folded  and  wrinkled  the  rocks  were  worn  down  by 
processes  of  atmospheric  erosion,  and  the  softer  and  more  soluble 
rocks  were  removed  from  the  higher  regions.  The  underlying 
quartzites,  shales,  and  greenstones  were  thus  exposed  and,  because  of 
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their  resistance  to  erosion,  now  form  the  mountains,  whereas  the 
limestone  imderlies  the  valleys.  A  generalized  cross  section  showing 
the  rocks  of  the  region  as  they  are  now  and  their  extent  before  they 
were  eroded  is  given  in  figure  27. 

The  manganese  deposits  are  not  confined  to  a  single  thin  group  of 
beds  but  lie  in  or  over  beds  that  range  from  the  upper  part  of  the 
Erwin  quartzite  to  the  lower  part  of  the  Watauga  shale,  strati- 
graphically  2,000  feet  higher.  Most  of  the  deposits,  however,  occur 
in  banded  clays  that  are  believed  to  have  been  derived  by  weathering 
in  place  from  the  lower  200  feet  of  the  Shady  dolomite. 

BELATION  OF  DEPOSITS  TO  STBUCTXTBAL  FEATTJBES. 

Manganese  oxides  are  widespread  in  the  Shenandoah  Valley,  but 
as  most  of  the  rocks  near  by  are  deeply  decayed,  the  structural  asso- 
ciations of  many  small  bodies  of  the  oxides  are  obscure.  Studies  of 
a  number  of  deposits  that  were  large  enough  to  warrant  extensive 
exploration,  however,  show  that  at  least  five  structural  types  may  be 
recognized  and  that  in  most  places  the  local  structure  of  the  adja- 
cent rocks  has  determined  the  form  of  the  deposits  and  in  large  meas- 
ure their  areal  extent  and  their  persistence  below  the  surface. 

The  five  types  of  deposits  will  be  briefly  described.  Figure  23 
shows  cross  sections  of  four  deposits  which  have  been  studied  recently 
and  which  probably  include  those  types  that  are  sources  of  most  of 
the  ore  now  mined  in  northwestern  Virginia. 

1.  The  commonest  type  of  deposit  in  the  belt  under  consideration 
is  that  represented  at  the  old  Kendall  &  Flick  shaft,  south  of  Elkton, 
but  also  shown  at  the  Vesuvius  mine,  IJ  miles  northeast  of  Vesuvius, 
Rockbridge  County,  and  elsewhere  in  the  region  (fig.  28,  B).  These 
deposits  occur  in  a  200-foot  zone  of  decomposed  shale  and  cherty 
dolomite  that  overlies  the  upper  beds  of  the  Erwin  quartzite,  where 
the  beds  dip  toward  the  Shenandoah  Valley  at  angles  that  range 
from  30®  to  60°.  The  structure  near  these  deposits  may  be  termed 
monoclinal,  as  all  the  beds  are  similarly  inclined.  In  such  localities 
the  upper  surface  of  the  Erwin  quartzite  forms  the  slope  of  a  con- 
spicuous straight  ridge,  and  float  ore  from  the  deposits  is  found 
over  the  gentle  slopes  near  by  on  the  northwest.  Under  these  struc- 
tural conditions  irregular  bodies  of  manganese  oxides  are  found 
here  and  there  in  a  narrow  belt  of  decomposed  shale  and  dolomite 
parallel  to  the  outcrop  of  the  Erwin  quartzite.  The  bodies  of  man- 
ganese oxides  appear  to  have  no  relation  to  the  transverse  ravines 
that  rise  in  the  Blue  Ridge  and  cross  the  quartzite.  So  far  as  avail- 
able records  show,  no  deposits  of  manganese  ore  or  manganiferous 
iron  ore  occurring  under  these  conditions  in  this  area  have  yielded 
more  than  25,000  tons,  and  many  have  been  abandoned  before  pro- 
ducing as  much  as  5,000  tons. 
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this  type  is  now  being  explored  on  the  Kennedy  property,  3  miles 
southwest  of  Sherando,  Augusta  County.  In  these  deposits  manga- 
nese oxides  replace  the  clay  zones  of  sediments  that  fill  an  ancient 
river  channel  (Midvale)  or  that  form  an  ancient  alluvial  fan  or 
gravel  terrace  (Kennedy).  It  is  a  coincidence  that  the  Kennedy 
deposit  is  near  the  outlet  of  an  ancient  stream  that  rose  in  the  high 
ridges  several  miles  to  the  south  and  flowed  in  a  trough  directed 
toward  the  deposit.  Such  deposits  are  flat  masses  that  conform  to 
the  depressions  in  which  the  sediments  were  laid  down.  Explora- 
tion by  drilling  at  the  Kennedy  mine  is  reported  to  show  the  presence 
of  a  large  quantity  of  ore,  and  it  is  possible  that  here,  as  with  de- 
posits in  troughs,  the  size  may  depend  upon  favorable  local  structural 
features. 

The  field  work  on  which  this  report  is  based  was  directed  especially 
toward  the  interpretation  of  the  structure  of  the  beds  making  up  the 
Erwin  quartzite,  Shady  dolomite,  and  Watauga  shale.  The  tracts 
in  the  belt  examined  that  are  considered  favorable  to  the  accumula- 
tion of  manganese  or  manganiferous  iron  ore  are  those  which  are 
underlain  by  troughs  of  the  upper  beds  of  the  Erwin  quartzite,  from 
the  surface  of  which  the  products  of  decay  of  the  overlying  Shady 
dolomite  have  not  been  removed.  The  six  tracts  that  are  described 
in  the  following  pages  fulfill  these  conditions,  but  the  troughs  are 
considered  favorable  in  proportion  to  the  size  of  the  area  that  has 
drained  into  them,  or  to  the  abundance  of  float  ore  present  and  the 
thoroughness  of  the  decay  of  the  rocks  over  the  Erwin  quartzite. 

A  number  of  faults  have  been  recognized  in  this  belt,  but  as  the 
factors  which  determine  the  parts  of  the  fault  zones  that  are  favor- 
able to  accumulation  of  ore  are  not  known,  and  as  the  only  deposit 
known  to  lie  along  a  fault  is  not  large,  it  would  not  be  wise  to  direct 
exploration  along  such  faults. 

BELATION  OF  DEPOSITS  TO  STTBFACE  FEATTTBES. 

In  a  recent  report  ^  it  has  been  suggested  that  several  manganese 
deposits  in  the  region  between  Potomac  River  and  Midvale,  Rock- 
bridge County,  Va.,  occur  under  conditions  that  make  it  appear  that 
they  were  formed  during  or  soon  after  the  period  in  which  the  valley- 
floor  peneplain  was  being  established.  This  peneplain  has  been  con- 
sidered to  be  of  early  Tertiary  age  and  for  brevity  it  will  here  be 
referred  to  as  the  early  Tertiary  peneplain.  It  was  also  noted  that 
several  deposits  crop  out  at  the  level  of  this  plain,  without  regard 
to  the  extent  to  which  the  plain  was  locally  dissected.  The  present 
investigation  has  shown  that  the  outcrops  of  a  number  of  additional 

*  Hewett,  D.  F.,  op.  clt,  pp.  37-71. 
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deposits  lie  close  to  the  position  of  this  peneplain,  but  also  that  the 
lowest  point  of  one  deposit — ^that  at  Bed  Mountain,  northeast  of 
Vesuvius — occurs  400  to  500  feet  above  the  level  of  this  plain,  and 
that  the  surface  near  the  Lyndhurst  mine  is  not  50  feet  below  the 
early  Tertiary  plain,  as  stated  in  a  previous  report  by  the  senior 
author,^  but  nearly  250  feet  below  it.  Therefore,  while  the  conditions 
during  or  soon  after  the  early  Tertiary  peneplanation  appear  to  have 
been  particularly  favorable  to  the  accumulation  of  certain  deposits  of 
manganese  and  possibly  of  iron  ores,  others  were  probably  formed 
at  an  earlier  and  some  at  a  later  period. 

Evidence  collected  during  this  investigation  shows  that  although 
four  periods  of  planation  may  be  recognized,^  the  recent  physio- 
graphic history  has  probably  been  even  more  complex. 

Although  field  work  has  shown  that  the  Midvale  and  Kennedy 
deposits  are  in  alluvial  material  laid  down  near  the  level  of  the  early 
Tertiary  plain  and  the  region  contains  many  remnants  of  gravel  on 
this  plain,  there  is  no  way  of  recognizing,  in  advance  of  exploration, 
the  places  where  these  gravels  may  contain  deposits  of  manganese  ore* 

According  to  the  hypothesis  previously  stated,  that  troughs  present 
the  most  favorable  structure  for  the  accumulation  of  manganese  ores, 
those  troughs  which  pitch  at  a  low  angle  under  the  early  Tertiary 
plain  would  be  the  most  favorable,  and  the  parts  of  the  troughs  most 
likely  to  receive  the  deposits  should  be  those  where  the  top  of  the 
Erwin  quartzite  is  not  more  than  300  feet  below  the  present  surface 
of  the  ground. 

OBIQIN  OF  THE  DEPOSITS. 

A  hypothesis  of  the  origin  of  the  manganese  deposits  of  the  region 
is  here  presented  briefly,  in  so  far  as  it  bears  on  the  conditions  that 
are  most  favorable  for  the  accumulation  of  manganese  oxides.  The 
purpose  of  this  report  does  not  permit  the  presentation  of  evidence 
bearing  upon  some  phases  of  the  hypothesis. 

Definite  evidence  concerning  the  source  of  the  manganese  that  now 
makes  up  the  workable  deposits  is  lacking;  but,  from  the  data  at 
hand,  it  appears  that  the  manganese  was  originally  widely  dissemi- 
nated as  carbonate  in  the  dolomite  and  limestone  and  possibly  in 
silicates  in  other  rocks  found  in  the  neighborhood  of  the  deposits. 
The  manganese  was  dissolved  as  bicarbonate  and  transported  along 
established  channels  of  circulation  to  the  places  where  the  oxides  are 
now  found,  in  clays  produced  by  the  previous  decay  of  sericitic 
shales,  limestone,  and  dolomite.  The  oxides  were  probably  deposited 
when  and  where  the  solutions  containing  manganese  bicarbonate 

»  Hcwett,  D.  F.,  op.  dt,  p.  61. 

'Watson,  T.  L.,  Drainage  changes  in  the  Shenandoah  Valley  region  of  Virginia: 
Virginia  Unir.  Pblloa.  Soc.  Bull.,  Scl.  ser.,  vol.  1,  p.  355,  1913. 
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met  oxygen-bearing  waters.  Manganese  oxide  appears  to  have  been 
deposited  largely  by  replacing  the  clay,  although  small  quantities 
were  deposited  in  open  spaces.  The  largest  deposits  of  manganese 
were  formed  in  places  where  the  maximum  amount  of  manganese  in 
solution  met  the  most  favorable  conditions  for  deposition.  Most 
complete  rock  decay  and,  therefore,  solution  of  the  maximum  propor- 
tion of  manganese  in  the  rocks  are  probably  attained  in  regions  of 
low  relief  having  a  thick  cover  of  vegetation,  under  the  influence 
of  a  warm,  moist  climate.  As  the  process  of  solution  would  be  most 
active  in  those  parts  of  the  region  above  the  average  level  of  streams 
and  above  ground-water  level,  more  manganese  should  be  delivered 
in  solution  to  the  belt  of  country  where  the  ridges  and  hills  meet  the 
plains  than  elsewhere. 

If  not  diverted  by  the  local  rock  structure  the  maximum  flow  of  solu- 
tions near  the  surface  would  have  occurred  near  or  directly  under  sur- 
face stream  channels.  Where  oxidation  was  possible  deposits  formed 
in  the  stream  channels  themselves  As  deeper  circulation  of  surface 
waters  was  controlled  by  rock  structure,  troughs  would  have  received 
the  maximum  circulation,  although  fault  zones  might  have  been 
locally  favored.  According  to  this  hypothesis  structural  troughs 
were  the  most  favorable  channels  for  circulation,  and  if  suitable  con- 
ditions for  oxidation  and  deposition  existed  they  should  be  the  most 
favorable  places  for  accumulation. 

Many  reports  have  been  published  which  describe  briefly  the  asso- 
ciations of  manganese  ore  in  certain  mines  in  Virginia,  but  most 
of  the  available  information  concerning  the  stratigraphic  and  struc- 
tural relations  of  the  deposits  in  Virginia  is  contained  in  reports 
that  are  based  on  comprehensive  studies  of  many  deposits  in  a  large 
area.*  The  relation  of  the  hypotheses  of  origin  of  the^manganese 
deposits  set  forth  in  these  reports  will  be  discussed  in  a  later  report. 

TRACTS    RECOMMENDED    FOR    EXPLORATION. 

BASIS  OF  RECOMMENDATIONS. 

Descriptions  of  six  undeveloped  tracts  along  the  west  front  of  the 
Blue  Eidge  are  presented  below.  These  tracts  appear  to  present 
features  favorable  for  the  accumulation  of  deposits  of  manganese 
and  manganiferous  iron  ores,  and  prospecting  with  the  view  to  dis- 

*  Penrose,  R.  A.  F.,  Manganese,  Its  uses,  ores,  and  deposits :  Arkansas  Oeol.  Survey 
Ann.  Rept.  for  1890,  vol.  1,  pp.  401-412.  18!>1. 

Ilall»  C.  E.,  Geological  notes  on  the  manganese  ore  deposits  of  Crlmora,  Va. :  Am.  Inst. 
Min.  Eng.  Trans.,  vol.  20,  pp.  40-49,  1892. 

Watson,  T.  L.,  Mineral  roRources  of  Virginia,  Virginia  Geol.  Survey,  1907. 

Harder,  E.  C,  Manganese  deposits  of  the  United  States :  U.  S.  Geol.  Survey  Bull.  427, 
1910. 

HeweCt,  D.  F.,  Some  manganese  deposits  in  Virginia  and  Maryland :  U.  S.  Geol.  Burvay 
Bull.  640,  pp.  37-71,  1916. 
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covering  such  deposits  is  recommended.  Formerly  such  deposits 
were  prospected  by  means  of  pits  and  trenches,  but  recently  im- 
provements in  methods  of  employing  the  chum  drill  make  it  most 
useful  for  this  purpose,  and  several  operators  use  it  extensively. 
Even  if  deposits  should  exist  under  these  tracts,  they  may  be  covered 
by  gravel  or  wash  from  the  neighboring  slopes,  as  at  the  Crimora 
mine,  and  exploration  by  drilling  is  peculiarly  adapted  to  such 
conditions. 

These  tracts  are  regarded  as  favorable  for  exploration  largely  be- 
cause they  have  the  same  structural  and  stratigraphic  features  as 
other  areas  within  which  large  deposits  of  manganese  and  man- 
ganiferous  iron  ores  are  known  and  bear  a  similar  relation  to  the 
surface.  They  are  described  in  the  order  of  greatest  promise,  the 
one  in  which  the  conditions  are  believed  to  be  most  favorable  first. 
Fragments  of  manganese  minerals  have  been  found  on  the  surface  of 
many  tracts,  but  as  such  fragments  are  widespread  in  this  region  they 
are  not  especially  significant.  Positive  assurance  that  these  tracts 
contain  workable  deposits  of  ore  can  not  be  given,  but  to  those  inter- 
ested in  searching  for  unknown  deposits  of  these  ores  the  tracts 
should  offer  an  attractive  field. 

TRACT  1. 

Tract  1  lies  2  miles  southwest  of  Elkton,  within  a  mile  of  the  Nor- 
folk A  Western  Railway.  (See  fig.  29.)  The  west  front  of  the 
mountains  in  the  vicinity  of  Elkton  has  many  sharp  offsets  in  its 
general  southwest  course.  From  Swift  Run  this  course  is  a  little 
south  of  west  for  IJ  miles  to  a  point  where  the  mountain  front  is 
slightly  offset  to  the  northwest.  From  that  point  the  front  runs 
west-southwest  across  Hawksbill  Creek  for  IJ  miles  to  a  sharp  off- 
set to  the  east  of  about  half  a  mUe.  The  southwestward  course 
then  continues  for  three-fourtlis  of  a  mile  but  is  interrupted  by 
a  second  sharp  offset  to  the  east  of  about  a  quarter  of  a  mile.  At 
Gap  Run,  three-quarters  of  a  mile  beyond,  the  mountain  front  is 
slightly  offset  in  the  opposite  direction,  to  the  west,  but  the  south- 
west trend  is  maintained.  At  Swift  Run  the  mountain  front  is 
offset  to  the  southeast,  and  beyond  Elk  Run  the  front  ridge  breaks 
down  to  low  knolls'  for  over  a  mile. 

Along  the  west  fiank  of  the  mountains,  immediately  west  of  the 
line  just  traced,  there  are  gravel-covered  terraces  that  slope  toward 
Shenandoah  River  and  are  deeply  trenched  by  cross  streams.  No 
rock  exposures  occur  in  th^  gravel-covered  belt,  but  several  mine 
shafts  and  test  pits  show  that  it  is  underlain  by  lower  members  of 
the  Shenandoah  group  of  limestones  (Shady  dolomite  and  Watauga 
shale).    The  gravel-covered  area  is  1  to  IJ  miles  wide,  except  for  a 
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short  stretch  at  the  mouth  of  Hawksbill  Creek,  where  it  is  reduced 
in  width  to  about  a  quarter  of  a  mile  by  the  eastward  bend  of  Shen- 
andoah Kiver.  West  of  the  gravel  terraces  at  the  mouth  of  Hawks- 
bill  Creek,  especially  along  Shenandoah  Eiver,  there  are  exposures 
of  the- Watauga  shale  and  overlying  beds  of  limestone. 


3  MILES 


FIOUBB  29. — Sketch  geologic  map  of  region  near  Elkton,  Va.,  showing  location  of  tracts 

1  and  3. 

The  western  foothills  of  the  Blue  Ridge  are  made  up  of  white 
quartzite  (Erwin),  whose  structure  determined  the  irregular  course 
of  the  mountain  front.  Thus  from  Swift  Run  westward  for  1^ 
miles,  where  the  mountain  front  is  straight  and  trends  west-south- 
west, the  quartzite  beds  strike  about  parallel  to  the  mountain  front 
and  dip  50°-^0°  NW.,  passing  under  the  limestone  of  the  valley. 
The  small  offset  in  the  mountain  front  at  Hawksbill  Creek  and  the 
larger  one  east  of  Yancey  are  produced  by  a  detached  anticlinal  ridge 
of  quartzite  which  is  separated  from  the  main  quartzite  ridge  by  a 
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shallow  synclinal  valley.  Both  the  anticline  and  the  syncline  plunge 
sharply  northeast  just  east  of  Hawksbill  Creek,  and  the  quartzite 
abruptly  passes  under  the  limestone  of  the  valley.  Southwest  of 
Hawksbill  Creek  the  folds  plunge  more  gently  south  westward,  and 
the  quartzite  again  passes  below  the  level  of  the  gravel-covered  plain 
in  that  direction.  The  syncline  widens  in  this  direction,  as  the  main 
sidge  of  the  mountain  here  strikes  more  southerly  and  diverges  from 
the  outlying  ridge,  and  the  limestone  embayment  is  therefore  large 
and  open.  The  offset  in  the  mountain  front  three-quarters  of  a  mile 
farther  south  is  apparently  produced  by  two  similar  though  smaller 
folds,  which  plimge  south,  and  the  northwest  offset  at  Gap  Run  is 
formed  by  two  other  flat,  gentle  folds,  which  plunge  north.  The 
offset  east  of  Swift  Run  is  apparently  produced  by  a  northeast- 
ward-plunging anticline  and  syncline,  for,  although  the  bedding  in 
the  sandstone  was  not  observed,  the  rocks  seen  along  the  road  crossing 
the  syncline  are  believed  to  be  the  basal  sandy  beds  of  the  limestone 
group.  Beyond  this  offset  the  mountain  front  is  straight,  although 
the  front  ridge  breaks  down  beyond  Elk  Run,  where  the  quartzite  is 
weakened  by  crushing  and  probable  minor  faulting. 

Although  the  white  quartzite  beds  have  a  general  steep  westerly 
dip  on  the  front  foothills  they  flatten  out  toward  the  east  and  cap  the 
tops  of  several  spurs  and  ridges  some  distance  back  from  the  front, 
where  they  are  nearly  horizontal  or  even  lie  in  gentle  synclines.  To 
the  east  of  and  therefore  beneath  the  white  quartzite  there  are  shales 
and  arkosic  sandstones  which  are  somewhat  folded  and  form  a  belt 
half  a  mile  to  IJ  miles  wide.  These  basal  Cambrian  beds  rest  upon 
pre-Cambrian  greenstone  and  greenstone  schists  which  generally 
form  the  main  mass  of  the  Blue  Ridge. 

There  is  a  group  of  manganese  mines  about  1  mile  south  of  Elkton, 
which  will  be  referred  to  as  the  Elkton  mines.  The  old  workings 
are  known  as  the  Kendall  &  Flick  mines  and  include  the  Niesswaner 
shaft  and  Bartell  shaft,  which  have  been  described  by  Harder  *  and 
Hewett.*  One  of  the  mines  is  now  being  worked  by  the  United 
States  Manganese  Co.  These  mines  are  on  a  terrace  at  the  base 
of  the  quartzite  ridge  between  Swift  Run  and  Hawksbill  Creek. 
Three  of  the  mines,  including  the  easternmost,  which  alone  is  active 
at  present,  lie  close  to  the  top  of  the  northwestward-dipping  quartz- 
ite, and  apparently  there  is  no  synclinal  structure  of  the  bedrock 
that  determined  the  concentration  of  these  deposits  of  ore.  As  the 
outer  mine,  which  is  about  1,200  feet  from  the  base  of  the  moun- 
tain, struck  the  purple  Watauga  shale  in  its  deep  shaft,  the  steep 

*  Harder,  B.  C,  Manganese  deposits  of  the  United  States:  IT.  S.  Oeol.  Surrey  Bull. 
427,  1910,  p.  57. 

•  Hewett,  D.  F.,  Some  manganese  mines  In  Virginia  and  Maryland :  U.  S.  Oeol.  Survey 
BulL  640,  pp.  61-67,  1916. 
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westward  dip  of  the  beds  probably  continues  out  that  far,  and  the 
small  syncline  at  Hawksbill  Creek  must  therefore  plunge  steeply 
northeastward.  Just  east  of  Swift  Run  there  is  a  manganiferous 
iron  prospect  which  is  in  strike  with  the  three  Elkton  mines,  but  the 
embayment  to  the  south,  between  the  prospect  and  the  quartzite 
ridge,  which  is  covered  with  mountain  wash,  has  not  been  pros- 
pected so  far  as  known  and  may  be  worthy  of  investigation,  as  the 
structure  of  the  inclosing  rocks  is  apparently  Synclinal  and  favorable 
for  the  accumulation  of  ore. 

Southeast  of  Yancey  a  manganese  prospect  north  of  the  small  run 
has  been  opened  by  J.  H.  Crawford  and  another  south  of  the  run  by 
W.  B.  Yancey.  These  two  prospects  have  direct  bearing  on  the  tract 
to  which  particular  attention  is  here  directed.  The  Crawford  pros- 
pect shaft,  which  is  75  feet  deep,  is  on  the  south  side  of  the  embay- 
ment in  the  mountain  front  1^  miles  east  of  Yancey  station  on  the 
Norfolk  &  Western  Railway.  This  embayment  is  a  triangular  area 
about  half  a  mile  long  and  covers  about  180  acres.  It  lies  in  the 
reentrant  angle  between  the  white  quartzite  ridges  locally  called  Little 
Piney  Mountain  (on  the  northwest)  and  Big  Piney  Mountain  (on  the 
southeast).  In  the  saddle  between  these  hills  the  upper  quartzite 
beds  of  the  Erwin  formation  lie  horizontal  in  the  bottom  of  the 
syncline.  The  quartzite  hills  diverge  toward  the  southwest,  and  the 
syncline  plunges  in  the  same  direction,  so  that  the  trough  between 
the  hills  incloses  the  overlying  Shady  dolomite.  At  the  Crawford 
shaft,  half  a  mile  south  of  the  heaci  of  the  trough,  manganese  nodules 
occur  in  red  clay  with  chert  fragments,  which  is  the  characteristic 
residuum  of  the  Shady  dolomite.  The  entire  embayment,  therefore, 
is  probably  underlain  by  the  Shady  dolomite,  but  it  is  completely  cov- 
ered by  wash  from  the  quartzite  mountains.  The  only  means  of  de- 
termining the  thickness  of  the  wash  and  the  presence  of  manganese 
ore  beneath  the  alluvial  covering  is  by  drilling  or  by  digging  test 
pits.  The  synclinal  structure  of  the  quartzite  in  the  surrounding 
mountains,  the  favorably  located  basin  filled  with  wash  and  under- 
lain by  gently  dipping  beds  of  the  Shady  dolomite  or  its  residual 
clay,  and  the  known  presence  of  manganese  ore  in  the  trough  justify 
the  recommendation  that  this  triangular  area  be  thoroughly  pros- 
pected for  manganese. 

The  conditions  in  the  embayment  in  the  mountain  just  south  of 
this  tract  are  not  so  well  determined.  The  structure  of  the  quartzite 
hills  around  the  offset  at  the  north  end  of  the  embayment  is  obscure 
and  is  inferred  chiefly  from  the  topography,  but  at  the  offset  at  the 
south  end,  just  north  of  Gap  Rim,  the  quartzite  lies  in  a  very  shallow, 
broad  syncline.  The  alluvial  filling  in  this  embayment  appears  to 
be  heavy,  but  the  Shady  dolomite  or  its  residual  red  clay  is  probably 
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present,  as  the  manganiferous  nodules  in  the  Yancey  prospect  pits 
occur  in  red  pebbly  clay,  although  chert  fragments,  such  as  are  char- 
acteristic of  the  Shady  dolomite  were  not  seen  in  it.  This  area, 
though  not  as  promising  as  the  embayment  east  of  Yancey,  still  has 
sufficiently  favorable  indications  to  suggest  that  further  prospecting 
should  be  done  in  it. 


TRACT  2. 

Tract  2  lies  between  two  spurs  of  the  Blue  Kidge  about  3  miles 
southwest  of  Sherando  and  6  miles  south-southwest  of  Lyndhurst,  in. 
Augusta  County.  (See 
fig.  30.)  It  is  about 
midwav*  between  the 
Kennedy  mine,  to  the 
northwest,  and  the 
Mount  Torry  mine,  to 
the  southeast,  and  is 
drained  by  Mills  Creek. 
A  lumber  railroad  over 
which  ore  from  these 
two  mines  is  shipped 
passes  just  north  of  the 
tract  and  joins  the  Nor- 
folk &  Western  Rail- 
way near  Lipscomb. 
A  spur  of  the  lumber 
road  formerly  ran 
southwestward  up  Mills 
Creek,  but  the  rails  and 
ties  have  been  removed. 

The  mountain  spurs 
on  both  sides  of  the 
tract  are  composed  of 
white  quartzite  (Er- 
win),  and  the  structure 
of  each  is  anticlinal. 
Both  anticlines  plunge 
northeastward,  so  that 


FiGUBB  80. — Sketch  geologic  map  of  area  south  of  Lynd- 
hurst, Va.,  showing  location  of  tract  2. 


in  this  direction  the  quartzite  descends  below  the  limestones  and 
shales  of  the  Shenandoah  Valley.  (See  fig.  30.)  The  area  between 
the  spurs  is  a  northeastward-plunging  syclinal  trough  and  there- 
fore is  probably  underlain  by  limestone  and  possibly  some  shale,  bijt 
no  outcrops  are  to  be  seen,  as  the  surface  is  covered  with  quartzite 
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wash  from  the  mountains.  The  anticlinal  spurs  on  both  sides  of  the 
plunging  synclinal  trough  diverge  to  the  northeast,  so  that  the  lime- 
stone belt  widens  in  this  direction,  forming  a  wedge-shaped  area 
which  is  about  1  mile  long  in  a  northeasterly  direction  and  about 
three-quarters  of  a  mile  wide  between  the  points  of  the  spurs.  This 
wedge-shaped  area  merges  on  its  northeast  side  with  the  great  lime- 
stone and  shale  belt  of  the  Shenandoah  Valley. 

»  This  synclinal  embayment  closely  resembles  the  adjacent  embay- 
ment  on  the  southeast,  in  which  the  Mount  Torry  mine  is  situated 
and  which  also  is  a  synclinal  trough.  This  mine  produced  a  large 
amount  of  iron  ore  40  or  50  years  ago  and  was  abandoned  because  of 
tlie  manganese  in  the  ore.  Later  it  was  extensively  prospected  for 
manganese  ore,  and  some  ore  was  shipped.  Both  the  manganiferous 
iron  ore  and  the  manganese  ore  are  now  being  mined  by  a  company 
which  has  leased  the  property.  This  embayment  is  larger  than  that 
on  Mills  Creek  and  the  syncline  is  deeper,  and  although  bedrock  is 
not  exposed  at  the  surface  within  the  basin,  fresh  Shady  dolomite 
was  encountered  in  a  shaft  near  the  head  of  the  valley. 

West  of  tract  2  there  is  a  smaller  embayment  of  limestone  in  the 
mountain  front  This  embayment  occupies  a  northeastward-plunging 
synclinal  trough,  at  the  mouth  of  which  the  Kennedy  mine  is  located- 
Back  in  the  mountain  the  syncline  deepens  and  forms  a  narrow 
valley  which  once  inclosed  limestone  between  two  high,  rocky  quartz- 
ite  ridges.  This  limestone  has  probably  all  been  removed  by  erosion, 
but  some  may  still  be  present,  deeply  covered  by  the  quartzite  wash. 
Even  if  limestone  or  its  residual  clay  is  present,  the  area  is  too  nar- 
row to  expect  any  large  deposit  of  ore  to  occur  in  it,  for  the  ore  was 
probably  largely  carried  oilt  to  the  mountain  front  by  the  former 
underground  drainage  and  deposited  in  the  clays  in  which  the 
Kennedy  mine  is  located. 

The  accumulation  of  ope  in  the  deposits  in  which  the  Mount  Tony 
and  Kennedy  mines  are  located  was  greatly  aided  by  the  i^ynclinal 
structure  of  the  quartzite  and  overlying  limestone.  The  ore  is  found 
in  the  undisturbed  residual  clay  from  the  limestone  and  in  overlying 
clay  mixed  with  quartzite  gravel  and  boulders,  where  solutions  de- 
posited the  manj2:anese  oxides  in  crevices  or  bedding  planes,  and  in 
nodules  and  masses  replacing  the  clay.  The  structural  conditions  in 
tract  2  appear  to  be  equally  favorable  for  the  accumulation  of  man- 
ganese ore  in  commercial  quantity,  and  although  no  manganese  ore 
has  been  reported  there,  possibly  because  of  the  deep  filling  of  tlie 
basin  with  wash,  the  favorable  structural  relations  warrant  search 
for  the  ore.  It  is  therefore  recommended  that  the  tract  be  thor- 
oughly prospected  by  drilling. 


MANGANESE  ORE  IN   SHENANDOAH  VALLEY,  VA.  289 

TBAGT  3. 

Tract  3  lies  between  Grindstone  and  Piney  mountains,  two  foot- 
hills of  the  Blue  Ridge  about  5  miles  northeast  of  Elkton.  (See 
fig.  29,  p.  284.)  It  is  chiefly  in  Rockingham  County,  but  partly  in 
Page  County.  Naked  Creek,  which  flows  near  the  north  edge  of 
the  tract,  forms  the  boundary  line  between  the  two  counties.  So  far 
as  known,  no  prospecting  for  manganese  has  been  done  within  the 
area,  but  the  Watson  mine  is  about  1  mile  to  the  north-northwest, 
and  a  number  of  manganese  prospects  are  scattered  along  the  west 
base  of  Grindstone  Mountain,  between  it  and  this  tract. 

White  quartzite  (Erwin)  is  exposed  on  the  crest  and  most  of  the 
west  slope  of  Grindstone  Mountain.  In  general  its  strike  is  parallel 
witli  the  mountain,  which  trends  N.  10°-20*'  W.,  and  it  dips  40^-50° 
W.,  passing  beneath  the  limestone  and  shales  that  are  exposed  in 
the  Shenandoah  Valley.  A  small  embayment  near  the  south  end 
of  Grindstone  Mountain  is  formed  by  a  steeply  plunging  syncline. 
No  limestone  is  exposed  at  the  surface  in  this  syncline,  but  residual, 
clay  from  the  limestone  was  observed  at  the  Wateon  mine  and  in  the 
prospects  near  by,  all  of  which  are  in  the  syncline.  This  residual 
clay  retains  the  original  bedding  of  the  limestone  and  incloses  de- 
composed chert  that  is  characteristic  of  the  Shady  dolomite.  The 
clay  is  overlain  by  and  at  the  top  is  partly  mixed  with  quartzite 
boulders,  which  are  especially  numerous  on  the  flat  wooded  spurs 
that  extend  southward  from  the  base  of  the  mountain. 

Grindstone  Mountain  ends  abruptly  at  Naked  Creek,  where  the 
mountain  front  is  offset  about  a  mile  to  the  east  and  thence  continues 
south  in  Piney  Mountain.  The  crest  and  most  of  the  west  slope  of 
Piney  Mountain  are  formed  of  the  same  white  quartzite,  which  strikes 
S.  25**  W.  and  dips  at  a  high  angle  toward  the  Shenandoah  Valley. 
This  offset  is  caused  by  an  anticline  and  associated  syncline,  which 
are  similar  to  but  larger  than  those  at  the  Watson  mine,  a  mile  to 
the  north.  The  folds  are  so  broad  and  open  and  plunge  so  steeply 
to  the  southwest  that  the  strike  of  the  Erwin  quartzite  here  makes 
two  nearly  right-angle  bends.  (See  fig.  29.)  In  the  syncline  a  lime- 
stone, which  is  probably  the  Shady  dolomite,  is  inclosed  above  the 
white  quartzite.  The  limestone  is  not  exposed  near  the  mountain, 
but  a  sink  hole  and  red  clay  residual  from  limestone  seen  in  a  stream 
bank  close  to  the  west  slope  of  Piney  Mountain  are  sufficient  evidence 
of  its  presence  under  the  covering  of  wash.  Dolomite  beds  are  ex- 
posed in  Naked  Creek  south  of  the  Watson  mine  and  also  farther- 
out  in  the  valley.  The  axis  of  the  syncline  strikes  northeast  between 
the  two  mountains  but  lies  south  of  Naked  Creek.  Along  the  creek 
the  white  quartzite  beds,  which  are  north  of  the  synclinal  axis,  strike 
N.  70**  E.  and  dip  15^-30°  SE.    To  the  east,  up  the  creek  the  older 
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Cambrian  sandy  shale  and  slate  of  the  Hampton  formation  and 
arkosic  sandstone  and  conglomerate  of  the  Unicoi  formation  crop 
out  beneath  the  white  Erwin  quartzite,  with  similar  low  southerly  dips 
and  nearly  east  strike.  At  the  base  of  the  Cambrian  rocks  purple 
ferruginous  sandstone  rests  on  pre-Cambrian  greenstone  schists. 

The  ore  at  the  Watson  mine  consists  of  concretionary  psilomelane 
and  pockets  of  wad  in  residual  clay  of  the  Shady  dolomite.  It  was 
mined  by  means  of  a  shaft  and  two  tunnels  and  was  concentrated  in 
a  mill  at  the  mine,  but  no  mining  has  been  done  here  for  several 
years.  Similar  ore  occurs  at  the  prospect  pits  along  the  foot  of  the 
mountain  for  about  half  a  mile  southeast  of  the  mine.  The  mine  and 
prospects  are  located  in  a  small  syncline  and  are  therefore  favorably 
situated  for  the  accimiulation  of  manganese  ore,  but  large,  rich  de- 
posits are  probably  not  to  be  expected  because  of  the  small  size  of 
the  sjrncline.  The  tract  near  Naked  Creek,  however,  is  larger  and 
more  favorably  situated  for  the  accumulation  of  ore,  because  the 
syncline  from  which  ore  could  have  been  concentrated  there  is  broad 
and  open.  Although  no  ore  has  be^i  reported  from  this  tract,  it  is 
recommended  that  the  tract  be  thoroughly  prospected  by  drilling  or 
digging  pits.  It  is  not  advisable  to  prospect  in  the  stream  flats  of 
Naked  Creek  and  its  tributary  flowing  north  at  the  west  base  of 
Piney  Mountain,  for  but  little,  if  any,  residual  clay  in  which  manga- 
nese ore  would  be  expected  occurs  here  between  the  alluvium  and  the 
unaltered  limestone.  Prospecting  should  be  confined  to  the  area 
between  these  two  creeks. 

TRACT  4. 

Tract  4  is  an  irregular  lowland  area  inclosed  by  low  hills,  3  miles 
northeast  of  Waynesboro.  (See  fig.  31.)  This  region  is  served  by 
the  Shenandoah  Valley  branch  of  the  Norfolk  &  Western  Railway 
and  the  Chesapeake  &  Ohio  Railway,  which  cross  at  Basic  City. 

The  boundary  between  the  Blue  Ridge  and  Shenandoah  Valley 
here  follows  a  very  irregular  but  general  southwesterly  course,  which 
is  determined  by  the  irregular  structure  and  distribution  of  the  un- 
derlying rocks.  Some  of  the  foothills  are  so  low  that  it  is  difficult 
to  decide  where  the  boundary  between  foothills  and  valley  should 
be  drawn.  The  westernmost  foothills  of  the  Blue  Ridge  are  com- 
posed of  white  Cambrian  (Erwin)  quartzite.  Sawmill  Ridge  and 
Ramsey  Mountain  form  the  main  ridge  of  the  white  quartzite  in 
this  area,  and  quartzite  beds  on  their  west  slopes  dip  50°  W.,  toward 
the  valley.  East  of  Ramsey  Mountain  and  Sawmill  Ridge  the  white 
quartzite  is  underlain  by  older  Cambrian  sandy  shales  and  dark 
arkosic  sandstones  of  the  Hampton  and  Unicoi  formations,  and  east 
of  these  are  the  pre-Cambrian  greenstones  and  schists  that  compose 
the  larger  part  of  the  Blue  Ridge.    West  of  the  mountain  front  the 
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Shenandoah  Valley  is  underlain  by  Cambrian  limestones,  dolomites, 
and  shales  of  the  lower  part  of  the  Shenandoah  group,  but  these 
beds  are  not  exposed  near  the  foot  of  the  mountains  because  of 
the  thick  covering  of  mountain  wash  consisting  of  gravel,  sand,  and 
clay. 

West  of  Sawmill  Sidge  there  is  a  low,  narrow  hill  whose  anti- 
clinal character  is  well  shown  on  the  road  up  Sawmill  Run,  where 
the  anticline  plunges  south.  The  narrow  valley  between  this  hill 
and  Sawmill  Sidge  is  therefore  synclinal  and  probably  contains  some 
Shady  dolomite  overlying  the  quartzite.  Manganese  ore  was  mined 
on  the  Watts  property  in  this  syncline  many  years  ago.  From  the 
west  side  of  Bamsey  Mountain  a  low  ridge  that  extends  1  mile  to  the 
west  is  made  up  of  several  narrow  north-south  hills  with  shallow 
saddles  between  them.  Although  no  outcrops  from  which  the  dip  of 
the  rocks  could  be  determined  were  seen  on  these  hills,  they  are  covered 
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FiGUBB  31. — Sketch  geologic  map  of  region  near  Waynesboro,  Va.,  showing  location  of 

tract  4. 

with  angular  quartzite  fragments  nearly  in  place,  and  the  hills  are 
believed  to  be  small  anticlines  which  plunge  steeply  to  the  north, 
toward  Sawmill  Kun,  and  less  steeply  to  the  south.  Between  the 
south  ends  of  these  hills  are  small  embayments  which  are  structurally 
synclinal  troughs,  and  two  of  them  are  sufficiently  large  to  inclose 
the  overlying  Shady  dolomite  or  its  residual  clay.  In  fact,  fragments 
of  chert  derived  from  the  Shady  dolomite  were  found  in  the  alluvial 
fill  of  the  valleys.  The  quartzite  in  the  low  hills  is  seemingly  that  of 
the  upper  beds  of  the  Erwin  formation. 

West  of  Ramsey  Mountain,  across  an  alluvium-filled  valley  three- 
fourths  to  1  mile  wide,  is  a  group  of  low  hills,  including  a  higher 
one  called  Bear  Mountain.  These  are  quartzite  hills  which  are  cov- 
ered with  angular  fragments  of  quartzite  and  cemented  quartzite 
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breccia,  but  no  rock  ledges  from  which  the  structure  could  be  deter- 
mined were  seen.  The  hills  are  believed  to  be  anticlinal  in  structure 
and  to  be  made  up  of  several  low  anticlines  in  which  the  quartzite  is 
barely  exposed  at  the  surface.  Between  the  individual  hills  are 
several  small  valleys  or  hollows,  presumably  occupying  synclinal 
troughs,  which,  if  not  too  shallow,  may  contain  Shady  dolomite. 
Those  on  the  north  and  east  sides  merge  with  the  embayments  on 
the  south  side  of  the  quartzite  hills  to  the  north,  which  are  known 
to  contain  chert  residual  from  the  dolomite.  These  structural 
troughs,  which  are  large  and  deep  enough  to  contain  a  considerable 
body  of  the  Shady  dolomite,  or  its  residual  clay,  are  favorable  for 
the  accumulation  of  manganese  ore  bodies.  A  prospect  pit  north- 
east of  Bear  Mountain  found  considerable  manganese  ore,  and  two 
other  prospect  pits  on  the  west  flank  of  Eamsey  Mountain  also  show 
ore.  In  fact,  the  whole  lowland  southwest  of  Ramsey  Mountain 
and  southeast  of  Bear  Mountain  is  believed  to  be  underlain  by 
residual  clay  from  limestone  and  therefore  to  have  favorable  struc- 
tural conditions  for  the  accumulation  of  ore.  The  surface  of  much 
of  this  area,  especially  the  portions  close  to  the  quartzite  hills,  is 
strewn  with  small  pieces  of  flinty  iron  ore,  and  the  soil  is  markedly 
red  in  places.  Both  of  these  features  indicate  the  probable  presence 
of  the  basal  beds  of  the  Shady  dolomite,  in  which  some  ore  has  been 
deposited.  The  limestone  lowland  and  the  white  quartzite  of  Ramsey 
Mountain  are  abruptly  terminated  at  the  south  by  the  older  Cam- 
brian shales  and  arkosic  sandstones,  which  have  been  thrust  west- 
ward about  2  miles  along  an  east- west  fault,  the  trace  of  which  lies 
close  to  the  main  road  from  the  gap  south  of  Ramsey  Mountain  to 
Basic  City. 

Because  of  the  favorable  structure  just  described  it  is  recom- 
mended that  the  triangular  valley  of  about  1  square  mile  lying  north 
of  the  fault  and  extending  from  Ramsey  Mountain  to  Bear  Moun- 
tain, with  its  two  northward  synclinal  prongs,  be  thoroughly  pros- 
pected by  drilling  or  test  pits  to  determine  the  presence  of  man- 
ganese. The  small  synclinal  valleys  west  and  southwest  of  Bear 
Mountain  are  also  recommended  as  possibly  containing  workable 
deposits  and  worthy  of  examination.  The  small  syncline  on  Sawmill 
Run  is  likewise  favorable,  but  large  deposits  are  not  to  be  expected 
there. 

TBACT  5. 

Tract  5  lies  6  miles  due  south  of  Luray  and  just  northeast  of 
Marksville.  (See  fig.  32.)  As  it  is  a  limestone  valley  inclosed  by 
quartzite  ridges  it  may  prove  worthy  of  careful  prospecting.  The 
main  quartzite  ridge  of  the  mountain  front  is  broken  down  east  of 
the  village  of  Stony  Man  (Blosserville),  as  the  white  Erwin  quartzite 
'^  here  crushed  by  faulting.    South  of  Stony  Man  the  ridge  appears 
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to  be  anticlinal,  with  a  fault  on  its  southeast  side,  and  farther  south- 
west, west  of  Ida,  there  are  two  quartzite  ridges,  the  outer  one  appar- 
ently anticlinal,  so  that  the  valley  between  them  is  a  syncline.  The 
fault  east  of  the  quartzite  cuts  out  the  Hampton  shale  to  the  southwest, 
bringing  the  Unicoi  sandstone  and  Erwin  quartzite  together.  These 
are  minor  structural  features,  however,  and  even  if  the  synclines  in 
the  white  quartzite  inclose  limestone,  as  is  suggested  by  exposures  of 
certain  residual  clays,  they  are  hardly  to  be  regarded  as  favorable 
for  the  accumulation  of 
large  manganese  deposits. 

Northeast  of  Marksville 
an  outlying  quartzite 
ridge  trends  northeast, 
and  although  large  masses 
of  rock  cover  its  surface 
no  rock  was  observed  in 
place,  and  the  structure 
could  not  be  determined. 
It  is  believed  to  be  an 
anticline,  however,  but 
may  be  faulted  on  the 
west  side.  The  valley  be- 
tween the  outlying  ridge 
and  the  main  ridge  of  the 
mountain  front  is  deeply 
covered  with  sandstone 
wash,  and  the  bedrock  is 
concealed,  but  with  the 
quartzite  fragments  there 
is  much  iron-ore  float  and 
some  ferruginous  chert 
derived  from  limestone. 
This  valley  is  therefore 
believed  to  be  a  synclinal 
limestone  valley  between 
two  quartzite  ridges  and  thus  to  be  structurally  favorable  for  the 
accumulation  of  manganese  ore.  Manganese  ore  has  not  been  mined 
in  this  area,  but  in  a  small  synclinal  valley  on  the  mountain  side  2 
miles  southwest  of  Marksville  some  old  workings  show  fragments  of 
manganese  oxide,  and  preparations  are  being  made  to  reopen  the 
workings. 

The  limestone  embayment  opens  into  the  main  valley  both  at  the 
north  and  south,  but  as  a  fault  probably  breaks  the  limestone  at  these 
places  the  bedding  is  not  continuous  across  these  breaks  and  the 
syncline  is  cut  off.  The  synclinal  basin  therefore  forms  a  wedge- 
shaped  area  with  the  point  at  the  northeast,  over  2  miles  long  and  a 
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FiGtTBB  32. — Sketch  geologic  map  of  area  south  of 
Luray,  Va.,  showing  location  of  tract  5. 
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mile  in  width  at  its  southwest  base.  At  the  southwest  it  is  cut  off 
by  pre-Cambrian  granite,  which  is  faulted  across  the  end  of  the 
basin.  The  granite  has  been  moved  westward  along  the  east-west 
fracture  and  now  abuts  against  the  ends  of  first  the  pre-Cambrian 
greenstone  beds  southwest  of  Ida,  then  successively  the  basal  Cam- 
brian sandstones  and  shales  (Unicoi  and  Hampton) ,  the  upper  white 
quartzite  (Erwin),  and  finally  the  limestone  of  the  inclosed  valley. 
The  fault  thus  caused  a  horizontal  displacement  of  the  rocks  of  at 
least  3  miles  at  this  place. 

This  wedge-shaped  embayment  is  regarded  as  a  desirable  place  to 
prospect  for  manganese  deposits,  as  its  structure  is  favorable  for  the 
concentration  of  any  manganese  that  may  have  been  originally  pres- 
ent in  the  surrounding  rocks.  The  portion  of  the  embayment  south 
of  the  stream  and  road  is  a  lowland  with  little  coarse  wash  and  has 
apparently  been  recently  scoured  by  the  stream,  so  that  if  ore  were 
originally  deposited  there  it  has  probably  been  removed  by  erosion. 
The  higher  part  of  the  area,  north  of  the  road,  is  deeply  covered  with 
wash  and  is  more  favorable  for  the  occurrence  of  ore,  particularly 
that  portion  which  lies  at  or  near  the  saddle  in  the  valley  between 
the  outer  ridge  and  the  main  ridge. 

TRACT  6. 

Tract  6  is  a  small  area  of  valley  and  mountain  slope  in  the  vicinity 
of  the  Seibel  manganese  mine,  near  Happy  Creek  station  on  the 
Southern  Railway,  3  miles  east  of  Front  Royal.  (See  fig.  33.)  This 
tract  is  worthy  of  careful  prospecting  for  manganese,  which  can  be 
done  most  readily  with  the  drill.  The  rocks  of  this  area  are  unusu- 
ally well  exposed  in  the  Southern  Railway  cuts  east  of  the  mine. 
Here  the  pre-Cambrian  greenstone  is  succeeded  on  the  west  by  nearly 
vertical  beds  of  arkosic  gray  and  purple  banded  sandstone  and  con- 
glomerate which  represent  the  basal  formation  (Unicoi  sandstone) 
of  the  Cambrian.  These  beds  are  followed  by  purple  shaly  arkosic 
beds,  hackly  sandy  shales,  and  soft  buff  sandstones  with  low  dips  and 
minor  folds,  and  these  in  turn  by  nearly  vertical,  thicker,  harder 
argillaceous  sandstone  with  some  thin  dark  shale  partings  which 
represent  the  Hampton  shale.  Then  follows  the  main  ridge-making 
upper  white  quartzite  (Erwin),  which  is  nearly  vertical  but  also 
somewhat  folded  and  much  brecciated,  the  fragments  being  cemented 
in  part  by  limonite. 

At  the  foot  of  the  west  slope  of  the  mountain  is  the  Seibel  manga- 
nese mine,  described  in  detail  by  Hewett.^  The  manganese  arid  man- 
ganiferous  iron  in  a  new  pit  at  the  mine  clearly  occur  in  clay  that  in 
part  retains  the  original  bedding  of  the  limestone  from  which.it  was 

»  Hewett,  D.  F.,  op.  cit.,  pp.  67-C9. 
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derived  and  incloses  decomposed  chert  from  the  limestone.  This  clay 
is  residual  from  the  Shady  dolomite  at  the  base  of  the  -Shenandoah 
group  of  limestones,  for  purple  shale,  residual  banded  clay,  and  thin 
sandstone  of  the  next  overlying  formation  (Watauga  shale)  crop  out 
near  the  wagon  road  west  of  the  mine.  In  the  mine  pits  the  residual 
clay  merges  at  the  top  with  mottled  clay  that  has  moved  somewhat 
down  the  slope  and  has  been  more  or  less  mixed  with  the  sandstone 
wash  from  the  mountain.  The  overburden  is  not  more  than  10  feet 
thick  at  the  mine.  The  ore  seems  to  be  mostly  deposited  in  the  un- 
disturbed residual  clay. 

At  the  west  end  of  the  railway  cut  there  is  a  small  detached  mass 
of  brecciated  white  quartzite,  which  evidently  forms  a  small  anticline 
on  the  west  flank  of  the 
main  quartzite  mass, 
although  it  is  so  highly  brec- 
ciated  that  the  anticlinal 
structure  can  not  be  deter- 
mined in  the  railway  cut. 
The  small  ridge  which  this 
quartzite  mass  makes  on  the 
flank  of  the  main  quartzite 
ridge  west  of  the  railway  is 
covered  with  fragments  of 
the  quartzite,  but  there  are 
no  bedrock  outcrops  on  it. 
It  declines  toward  the  south- 
west and  merges  into  the 
wash-covered  terraced 
mountain  slope  on  which 
the  Seibel  mine  is  located. 

In  the  swale  between  the  Fi«urb  33. — Sketch  geologic  map  of  area  east  of 
main    ridge    and    this    small  Front  Boyal.Va.,  showing  location  of  tract  6. 

ridge  is  much  iron-ore  float  and  several  shallow  pits  which  show  con- 
siderable manganese  oxide.  This  swale  is  on  the  axis  of  a  small 
syncline  that  plunges  southwestwtrd  toward  the  Seibel  mine  and 
•  incloses  the  residual  clays  of  the  basal  limestone  beds  which  rest  on 
the  top  of  the  gently  dipping  white  quartzite.  Its  structure  is  there- 
fore favorable  for  the  accumulation  of  manganese  ore.  The  fold, 
however,  is  so  small  that  the  embayment  can  not  be  regarded  as 
likely  to  furnish  a  large  quantity  of  manganese  and  would  not  be 
clkssed  as  favorable  for  prospecting  if  it  were  not  for  the  good 
showing  of  ore  at  the  surface  and  in  the  surface  pits  over  a  con- 
siderable area  northeast  of  the  Seibel  mine. 

An  iron  mine  was  formerly  worked  by  the  Seibel  Co.  1  mile  south- 
west of  the  manganese  mine,  on  the  flank  of  the  same  ridge.    In  the 
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mine  pit  the  brecciated  white  quartzite  clearly  overlies  banded  yel- 
low clay  residual  from  the  Shady  dolomite,  which  dips  40°  SE.,  so 
that  the  beds  are  overturned.  The  unaltered  Shady  dolomite  was 
encountered  in  a  tunnel  below  the  pit.  These  rocks  strike  south- 
westward  but  are  cut  off  in  this  direction  by  the  pre-Cambrian 
greenstone,  which  is  faulted  across  the  ends  of  the  beds.  The  green- 
stone has  been  moved  westward  along  the  fault,  resting  against  the 
ends  first  of  the  basal  Cambrian  beds,  then  in  turn  the  white  quartzite^ 
the  residual  clay  of  the  Shady  dolomite,  and  lastly  purple  shales  and 
thin  sandstone  of  the  Watauga  formation.  The  horizontal  move- 
ment of  the  greenstone  was  at  least  2  miles.  To  the  west  the  brec- 
ciated quartzite  makes  another  low  hill  1  mile  from  Front  S^oyal, 
which  is  believed  to  be  a  crushed  anticline,  although  the  rock  outcrops 
do  not  fully  indicate  the  structure.  The  limestone  lowland  between 
this  sandstone  hill  and  the  Seibel  iron  mine  is  therefore  synclinal. 
However,  on  account  of  the  crushing  of  the  quartzite,  the  marked 
overturning  of  the  fold  at  the  iron  mine,  and  the  probability  of 
minor  faulting,  this  larger  syncline  is  not  regarded  as  particularly 
favorable  for  the  occurrence  of  large  deposits  of  manganese  ore, 
although  the  residual  clay  is  stained  in  places  by  manganese  oxide. 

The  most  favorable  place  for  prospecting  with  the  drill  in  this 
area,  therefore,  is  along  the  mountain  front  in  the  vicinity  of  the 
Seibel  mine,  particularly  northeast  of  the  mine,  between  it  and  the 
railway,  and  search  there  for  commercial  deposits  is  recommended. 
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INTRODUCTION. 


The  Survey's  "  Contributions  to  economic  geology"  have  been  pub- 
lished annually  since  1902.  In  1906  the  increase  in  the  number  of 
papers  coming  under  this  classification  made  it  necessary  to  divide 
the  contributions  into  two  parts,  one  including  papers  on  metals  and 
nonmetals  except  fuels  and  the  other  including  papers  on  mineral 
fuels.  In  1915  the  year  included  in  the  title  was  changed  from  the 
year  in  which  the  field  work  reported  in  these  papers  was  done  to 
the  year  of  publication,  and  in  consequence  there  was  no  volume 
entitled  "  Contributions  to  economic  geology,  1914."  The  subjoined 
table  gives  a  summary  of  these  bulletins. 
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tt  The  date  given  is  that  of  the  complete  volume:  beginning  with  Bulletin  285  the  papers  have  been 
issued  as  advance  chapters  as  soon  as  they  were  ready. 

As  the  subtitle  indicates,  the  papers  included  in  these  volumes  are 

of  two  classes — (1)    short  papers  giving  comparatively  detailed 

descriptions  of  occurrences  that  have  economic  interest  but  are  not 
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of  sufficient  importance  to  warrant  a  more  extended  description; 
(2)  preliminary  reports  on  economic  investigations  the  results  of 
which  are  to  be  published  later  in  more  detailed  form.  These  papers 
are  such  only  as  have  a  direct  economic  bearing,  all  topics  of  purely 
scientific  interest  being  excluded. 

Brief  abstracts  of  the  publications  of  the  year  are  given  in  the 
annual  report  of  the  Director.  The  complete  list  of  Survey  publi- 
cations affords,  by  means  of  finding  lists  of  subjects  and  of  authors, 
further  aid  in  ascertaining  the  extent  of  the  Survey's  work  in  eco- 
nomic geology. 

The  reports  on  work  in  Alaska  have  been  printed  in  a  separate 
series  since  1904,  the  volumes  so  far  issued  being  Bulletins  259,  284, 
314,  345,  379,  442, 480,  520,  542,  592,  622,  642,  and  662. 


THE  CLEVELAND  GAS  FIELD,  CUYAHOGA  COUNTY,  OHIO, 
WITH  A  STUDY  OF  ROCK  PRESSURE. 


By  G.  Sherburne  Rogers. 


INTRODUCTION. 

Ohio  has  long  been  a  large  producer  of  natural  gas,  but  the  com- 
mercial exploitation  of  the  gas  resources  of  Cuyahoga  County,  in 
the  northeastern  part  of  the  State,  is  comparatively  recent.  The 
development  of  the  Cleveland  field  began  early  in  1912  with  the 
completion  of  several  successful  wells  in  the  western  part  of  the 
city  of  Cleveland.  Within  four  years  more  than  900  wells,  most 
of  which  were  successful,  had  been  completed  in  an  area  of  about 
25  square  miles.  The  excessively  close  drilling  in  many  parts  of 
this  area  has  resulted  in  a  rapid  decline  of,  the  output  of  individual 
wells,  and  the  older  part  of  the  field  is  destined  to  be  short  lived. 
The  field  is  of  interest  because  of  its  immediate  proximity  to  a 
great  manufacturing  city  that  has  long  been  a  consumer  of  large 
quantities  of  natural  gas,  and  the  uneconomic  character  of  its  de- 
velopment is  thus  especially  unfortunate. 

Most  of  the  wells  in  the  Cleveland  field  draw  their  supplies  from 
the  so-called  Clinton  sand,  which  is  a  productive  reservoir  of  gas 
in  a  belt  extending  from  north  to  south  through  the  east-central 
part  of  the  State.  (See  index  map,  PL  I.)  Although  no  evidence 
has  yet  been  found  to  show  that  the  Cleveland  field  is  directly  con- 
nected with  these  fields,  it  is  at  the  northern  extremity  of  the  same 
structural  belt  and  is  therefore  related  to  them  geologically.  Dur- 
ing, the  later  half  of  1915  the  Cleveland  field  was  extended  some- 
what to  the  southwest,  and  prospecting  is  now  most  active  in  that 
direction.  A  small  pool  has  been  developed  just  south  of  Berea, 
which  lies  14  miles  southwest  of  Cleveland,  and  further  extensions 
in  that  direction  would  serve  to  connect  the  Cleveland  field  with 
the  belt  of  fields  to  the  south. 

The  writer  spent  half  of  July,  1915,  and  a  week  in  June,  1916, 
examining  the  Cleveland  field.  As  the  field  was  already  largely 
developed,  it  was  not  deemed  advisable  to  study  the  structure  in 
great  detail;  the  exact  altitudes  of  the  wells  were  therefore  not 
determined  by  actual  survey,  but  were  measured  by  an  aneroid 
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barometer  or  were  simply  estimated  from  the  Geological  Survey's 
topographic  maps  of  the  Berea  and  Cleveland  quadrangles,  with  a 
probable  range  in  accuracy  of  5  to  20  feet.  No  attempt  was  made 
to  map  or  study  the  rocks  that  crop  out  at  the  surface,  as  an  exami- 
nation of  their  structure  would  not  show  with  accuracy  the  attitude 
of  the  Clinton  sand  below. 

The  writer  takes  pleasure  in  acknowledging  his  indebtedness  to 
Mr.  R.  W.  Gallagher,  Mr.  E.  M.  Werner,  and  other  officials  of  the 
East  Ohio  Gas  Co.,  who  furnished  the  logs  of  many  wells  and  in- 
formation concerning  the  location,  date  of  completion,  and  initial 
rock  pressure  and  open  flow  of  most  of  the  wells  in  the  field.  Special 
thanks  are  also  due  to  Mr.  S.  S.  Wyer,  of  Columbus,  Ohio,  for  data 
of  a  similar  kind ;  and  to  Mr.  C.  J.  Weideman,  of  the  Rocky  River 
Development  Co. ;  Mr.  S.  S.  Hulse,  of  Cleveland ;  the  Berea  Pipeline 
Co.;  the  Rushville  Drilling  Co.;  and  many  other  companies  and 
persons  for  well  logs  and  general  information. 

HISTORY  AND  DEVELOPMENT. 

In  1885,  or  soon  after  the  famous  discovery  of  gas  at  Findlay, 
Ohio,  a  well  was  ^nk  to  a  depth  of  3,000  feet  in  Newburg,  just  south- 
east of  Cleveland.  Only,  a  small  flow  of  gas  was  encountered,  but 
the  discovery  of  salt  in  this  well  may  be  regarded  as  the  beginning 
of  the  salt  industry  in  northeastern  Ohio.  One  or  two  other  wells 
drilled  in  Cuyahoga  County  in  the  next  few  years  were  unsuccessful 
in  finding  gas  or  oil,  and  the  territory  was  not  regarded  as  promis- 
ing. Between  1900  and  1910  prospecting  became  more  active,  espe- 
cially in  the  western  part  of  the  county,  but  none  of  the  wells  found 
commercial  flows  of  gas.^ 

In  the  early  part  of  1912,  however,  four  good  wells  were  completed 
in  the  Clinton  sand  at  the  plants  of  the  Winton  Motor  Car  Co.  and 
the  National  Carbon  Co.,  near  the  western  limits  of  the  city  of  Cleve- 
land. Other  manufacturing  firms  began  drilling  shortly  after,  and 
during  1912  and  1913  about  40  wells  were  completed,  27  of  which 
were  successful.  Most  of  the  successful  wells  were  drilled  on  factory 
sites  within  or  close  to  the  city  limits ;  it  is  rather  curious  that  most 
of  the  wells  drilled  farther  west,  near  what  has  since  proved  to  be 
highly  productive  territory,  happened  to  be  located  in  small  barren 
areas  and  were  dry. 

The  general  success  of  the  earlier  developments  near  the  city  at- 
tracted widespread  attention,  and  late  in  1913  drilling  activity  be- 
came very  pronounced.    During  1914  some  300  wells  were  completed 


*  In  the  Cleveland  field  a  well  hayln?  an  Initial  daily  open  flow  of  less  than  260,000 
cubic  feet  la  generally  considered  dry,  and  thia  usage  Is  followed  in  the  present  report 
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in  the  westerly  suburbs  of  Cleveland  known  as  Lakewood  and  West 
Park.  Most  of  the  drilling  was  done  by  mdividuals  or  small  com- 
panies controlling  one  or  more  suburban  lots,  and  consequently  the 
wells  in  many  localities  were  closely  crowded  together.  In  some 
places  wells  were  sunk  within  100  feet  of  one  another  on  lots  scarcely 
large  enough  to  accommodate  the  drilling  rig.  The  fairly  uniform 
distribution  of  the  gas,  the  regularity  of  the  strata,  and  the  general 
absence  of  water  except  at  certain  well-defined  horizons,  making 
drilling  comparatively  simple,  together  with  the  proximity  of  the 
field  of  operations  to  a  great  center  of  supplies  and  the  low  cost  of 
hauling  over  paved  roads  and  streets,  all  combined  to  reduce  the 
cost  of  drilling  and  to  make  the  investment  attractive  and  appar- 
ently sound.  The  rapid  decline  of  the  earlier  wells  was  not  taken 
seriously  and  seemed  to  act  as  a  stimulus  to  further  drilling  rather 
than  as  a  deterrent. 

The  areas  first  drilled  were  those  nearest  to  the  west  line  of  the 
city.  Near  the  shore  of  Lake  Erie  the  development  started  within 
the  city  limits  and  extended  rapidly  as  far  west  as  Giel  Avenue. 
Host  of  the  drilling  west  of  this  locality  has  been  more  recent,  and 
the  wells  are  not  as  closely  crowded.  Another  center  of  the  westerly 
development  is  on  the  west  line  of  the  city  between  Lorain  Avenue 
and  the  Lake  Shore  &  Michigan  Southern  Railway  tracks.  In  this 
locality  the  wells  are  very  closely  spaced,  one  tract  of  about  70  acres 
containing  37  wells.  From  this  district  the  development  extended 
toward  the  west,  chiefly  in  the  area  between  Lorain  and  Madison 
avenues.  Most  of  the  land  in  this  area  had  not  been  subdivided  into 
lots,  and  the  wells  are  not  as  closely  crowded  as  near  the  city  limits. 
In  the  early  part  of  1915  a  number  of  excellent  wells  were  completed 
just  west  of  Rocky  River,  and  since  then  a  narrow  strip  of  productive 
territory  extending  4  miles  westward  along  Center  Ridge  Road  has 
been  outlined.  During  the  same  period  development  extended  south 
of  Lorain  Avenue,  and  a  number  of  successful  wells  were  drilled  in  a 
belt  extending  on  both  sides  of  the  Lake  Shore  &  Michigan  Southern 
Railway  tracks  nearly  to  the  south  border  of  West  Park  Township. 
Late  in  1916  the  prolific  Brook  Park  pool,  lying  partly  in  West  Park 
and  partly  in  Middleburg  Township,  was  developed,  and  this  pool 
seems  to  be  now  well  outlined. 

The  great  majority  of  the  wells  throughout  the  area  described  have 
had  an  initial  production  in  excess  of  half  a  million  cubic  feet  daily 
each,  and  a  great  many  produced  initially  between  3,000,000  and 
10,000,000  cubic  feet.  Few  of  the  wells  are  long-lived,  however,  and 
at  the  present  time  about  two-fifths  of  the  successful  wells  have  been 
abandoned.    As  the  life  of  a  gas  well  depends  largely  on  the  size  of 
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the  territory  that  it  drains,  the  decline  in  the  older  and  thickly  drilled 
portions  of  the  field  has  been  especially  rapid,  and  the  life  of  the 
average  well  has  probably  not  been  more  than  12  months.  The  wells 
in  the  western  and  southern  parts  of  the  field  are  less  closely  spaced ; 
few  of  them  have  yet  been  abandoned  and  it  is  probable  that  their 
average  life  will  be  considerably  over  two  years. 

Within  the  city  limits  the  development  of  the  Clinton  sand  has 
been  restricted  chiefly  to  the  area  lying  north  of  Lorain  Avenue  and 
west  of  West  Boulevard,  which  forms  the  eastern  edge  of  the  districts 
described  above.  There  are  a  few  wells  south  of  the  city  line,  in  the 
area  between  Linndale  and  Brooklyn,  and  several  of  these  report  a 
small  production  of  oil. 

Most  of  the  wells  within  the  city  obtain  gas  from  the  so-called 
Newburg  sand,  which  is  higher  than  the  Clinton.  Several  wells  fin- 
ished in  this  sand  during  1913  gave  only  small  flows,  but  in  February, 
1914,  a  weU  credited  with  an  initial  flow  of  12,500,000  cubic  feet  was, 
completed  at  the  Stadler  Rendering  &  Fertilizing  Co.'s  plant,  on 
Cuyahoga  River  just  north  of  the  mouth  of  Big  Creek.  In  March 
two  other  good  wells  were  brought  in,  and  within  six  months  68  wells 
had  been  drilled  in  the  immediate  vicinity.  During  the  summer  of 
1915  another  pool  was  developed  in  the  Newburg  sand  near  the  inter- 
section of  Walworth  Avenue  and  West  Twenty-fifth  Street,,  about  2 
miles  north  of  the  pool  first  discovered. 

A  number  of  wells  have  been  drilled  at  various  times  along  the 
east  bank  of  Cuyahoga  River  and  most  of  them  have  found  small 
supplies  of  gas  in  the  Newburg  sand.  A  few  wells  have  also  been 
drilled  in  the  eastern  part  of  the  city,  but  none  of  them  found  com  • 
mercial  supplies  of  gas,  and  Cuyahoga  River  may  therefore  be  re- 
garded as  the  general  eastern  limit  of  the  Cleveland  field  at  the  pres- 
ent time. 

STRATIGRAPHY. 

QENEBAL  SECTION. 

The  rocks  that  crop  out  in  the  Cleveland  field  are  of  Mississippian 
and  late  Devonian  age,  but  those  penetrated  by  the  drill  include 
formations  down  to  the  Ordovician.  For  the  information  of  those 
not  familiar  with  the  geologic  section  of  this  part  of  Ohio,  and  for 
convenience  in  interpreting  the  well  logs  of  this  field,  the  following 
table  of  formations  is  given.  The  thicknesses  of  the  upper  formations 
have  been  taken  from  published  reports  on  the  geology  of  this  region; 
those  of  the  lower  formations  are  derived  from  a  study  of  logs  of 
wells  in  the  immediate  field. 


CLEVELAND  GAS  FIELD,  OHIO. 
(Generalized  section  of  rocks  in  the  Cleveland  gas  field,  Ohio, 


Systann. 


Qoateraary  (Pleis- 
tocene swles). 


Carbaniferoas  (Mis- 
sissippian  aeries). 


Devcmiaii  or  Car- 
booiferoos. 


DeroniBiL 


Unoanfonnity- 


Sflurin. 


OrdoTldan. 


Group  or  forma- 
tion. 


Oladal  drift. 


Berea  sandstone. 


Bedford  shale. 


I 

1 


Cleveland 
diale. 


Chaerln 


nag] 
shale. 


Thickness 
in  feet. 


1(M00 


40-150 


00-80 


Character. 


Boulders,  pebbles,  sand,  and 
clay. 


Medium  to  coarse  grained 
white,  buff,  or  brown  sand- 
stone. 


Bluish-gray  to  reddish  shale, 
with  some  thin  layers  of 
limestone. 


50-120 


Huron  shale 


OteDtangy  (7)diale. 


Delaware    lime- 
stone. 


Columbus     lime- 
stone. 


Monroe  formation. 


850-1,  aoo 


80 


Massive  hard  black  bitumi- 
nous shale  with  a  few  bluish 
layers  in  lower  portion. 


Driller's  descrip- 
tion. 


Drift. 


Berea  grit. 


Soft  bluish-gray  clay  shale, 
with  some  concretionary 
layers. 


Black  and  bluish  shale  in 
upper  and  lower  portions, 
\nm  a  band  of  gray  shale 
near  middle. 


Gray  calcareous  shale. 


60O-700 


Salina  formation. 


Niagara  limestone. 


"Clinton"  forma- 
tion. 


400-600 


400-600 


Blue  and  gray  limestone,  be- 
coming dolomitic  in  lower 
part.  tk>ntata]sa30to50foot 
bed  of  white  quarts  sand- 
stone 950  to  450  feet  below 
top. 


Ohio  shale,  l,10fr- 
1,400  leet. 


Shale,  dolomite,  anhydrite  or 
gypsum,  and  rock  salt. 


Dolomite  and  limestone. 


Big  lime  [includes 
Newburg  sand 
and  some ''stray" 
sands  in  lower 
300  feet],  1,425- 
1,825  feet. 


150-250 


It 


Medina"  shale. 


Shale  and  lime- 
stone of  Clncin- 
natianage. 


300-400 


1,100-1,250 


Calcareous  shale  and  thin- 
bedded  limestone,  with  sand- 
stone layer  in  lower  part. 


Red  clay  shale  with  thin  layers 
of  sandstone. 


[Includes       Little 
lime],  75-150 feet. 


Clinton  sand,  0-60 
feet. 


25-75  feet. 


Medina  red  rock. 


Trenton  (7)  lime- 
stone. 


(?) 


Dark  shale  with  thin  layers  of 
limestone,  especially  In  up- 
per part. 


Limestone. 


Slate  and  sbdla. 


Trenton  lime. 
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A.  mantle  of  glacial  drift  of  variable  thickness  overlies  the  Car- 
boniferous and  older  rocks  in  the  area  here  described.  Practically 
all  the  wells  start  in  the  Chagrin  or  the'  Cleveland  shale,  and  only 
two  of  them  penetrate  far  below  the  "  Clinton "  formation.  The 
Chagrin,  Cleveland,  and  Bedford  shales  are  well  exposed  in  the 
vicinity  of  Cleveland,  but  the  Berea  sandstone  has  been  removed  by 
eroEdcm  from  this  locality  and  does  not  extend  far  n<»th  of  the 
town  of  Berea,  The  rocks  exposed  at  the  surface  dip  very  gently 
to  the  south  or  southwest,  but  the  Clint<Hi  sand  dips  to  the  east 

wzii  Loas. 

In  order  to  show  in  more  detail  the  character  and  thickness  of  the 
formations  in  the  Cleveland  field  the  following  well  Ic^,  together 
with  their  geologic  interpretation,  are  given.  The  log  of  the  deep 
well  of  the  Park  Drop  Forge  Co.  furnishes  a  detailed  record  of  the 
formations  down  to  ihe  Trentctfi  (?).  The  second  log,  whi<^  is 
typical  of  most  of  those  in  the  field,  shows  the  "  Clinton  "  formation 
in  particular  detail.  The  third  and  fourth  logs  give  the  position 
of  the  Newburg  sand  and  the  character  of  the  Big  lime.  The  fifth 
shows  the  total  thickness  of  the  shale  formations  between  the  Berea 
sandstone  and  the  Big  lime,  and  the  sixth  is  included  to  show  in 
detail  the  character  of  these  formations. 

Logs  of  tcells  in  Cleveland  gat  field. 
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Logs  of  wells  in  Cleveland  gas  field — Continued. 

^•ikwcn  Brick  Co.'*  well  No.  1,  Ckrotand. 
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a  Orton,  Edward,  The  Ohio  shale  as  a  source  of  oil  and  gas  in  Ohio:  Ohio  Geol.  Survey  Rept.,  voL  6, 
p.  429, 1888. 

SUBDIVISIONS. 

The  foregoing  well  logs  taken  together  furnish  a  fairly  detailed 
section  of  the  rocks  underlying  the  Cleveland  field.  In  most  well 
records,  however,  only  the  major  lithologic  units  are  distinguished, 
and  the  following  brief  description  of  the  several  formations  is  there- 
fore based  on  the  divisions  commonly  recognized  by  the  driller. 
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Ordovician  rocks. — ^Only  two  wells  in  the  Cleveland  district  have 
penetrated  far  into  the  Ordovician  rocks — ^the  Park  Drop  Forge 
Ck).'s  well,  the  log  of  which  is  given  above,  and  the  Cleveland  Twist 
Drill  Co/s  well,  which  is  in  the  same  part  of  the  city.  The  log  of  the 
Drill  Co.'s  well  shows  1,265  feet  of  the  shale  and  shells  between  the 
^^  Medina  ^'  and  the  Trenton  ( ? ) ,  as  against  1,117  feet  in  the  Forge 
Co.'s  weU.  So  far  as  known  the  limestone  called  Trenton  in  these 
logs  was  so  named  merely  on  the  basis  of  its  general  character  and 
position,  and  this  discrepancy  suggests  that  the  identification  in  one 
or  both  logs  may  be  erroneous.  Both  logs  agree  in  reporting  the  so- 
called  TrentoiT  as  barren  of  gas.  Whether  or  not  the  true  Treilton 
was  reached  the  great  depth  at  which  this  formation  lies  in  the  Cleve- 
land field  places  it  outside  of  the  range  of  ordinary  drilling. 

**  Medina  red  rock^ — ^Next  above  the  Ordovician  shales  and  lime- 
stones is  the  Medina  red  rock  of  the  drillers.  This  formation,  as 
described  in  the  logs,  consists  chiefly  of  soft  bright-red  shale  with  in* 
terbedded  layers  of  gray  or  red  sandstone.  A  number  of  wells  that 
fail  to  find  a  gas-bearing  stratum  in  the  overlying  ^^  Clinton  "  forma- 
tion extend  a  few  feet  into  the  upper  part  of  the  '^  Medina,"  but  only 
three  wells  penetrated  the  whole  formation.  The  logs  of  the  two 
deep  wells  referred  to  above,  both  in  the  northeastern  part  of  Cleve- 
land, show  thicknesses  of  295  and  356  feet,  and  that  of  the  Gray  well, 
2  miles  northwest  of  Berea,  shows  a  thickness  of  345  feet.^ 

^CUnton^  formation, — ^The  character  of  the  so-called  "Clinton" 
formation  is  well  shown  by  several  of  the  logs  given  above  and  by  the 
sections  on  page  18.  It  is  made  up  largely  of  shale,  probably  cal- 
careous, but  contains  several  thin  beds  of  hard  limestone,  and  in  most 
localities  one  or  more  layers  of  sandstone.  One  of  these  layers,  which 
generally  occurs  35  to  60  feet  above  the  top  of  the  "Medina,"  is 
the  well-known  Clinton  sand  of  the  drillers.  It  is  a  gray  to  red 
quartz  sandstone,  which  in  some  localities  contains  lenses  of  shaly 
material  and  in  others  is  "broken"  by  harder  impervious  layers. 
"Stray"  sands  are  occasionally  reported  above  the  Clinton,  and  in 
the  southern  part  of  the  field  a  layer  of  red  sand  appears  to  underlie 
it.  The  limestone  layers  above  the  Clinton  sand  are  generally  thin 
and  hard  and  are  reported  by  the  driller  as  shells,  but  in  some  logs 
one  of  them  is  distinguished  as  the  Little  lime.  Most  of  the  "  Clin- 
ton "  formation  is  gray,  but  some  of  the  beds  have  a  pink  or  red  tinge. 
The  total  thickness  of  the  formation  is  variable,  but  generally  ranges 
between  150  and  200  feet. 

The  "  Clinton "  formation  crops  out  in  west-central  Ohio,  but  a 
short  distance  west  of  the  Cleveland  field  the  Clinton  sand  itself 
feathers  out  and  is  known  only  from  well  records. 

^  PioMer,  C.  8.,  Tbe  Deyonian  and  MisslsBipplan  formattons  of  northeastern  Ohio :  Ohio 
OmL  Surrey,  4th  ler..  Ball.  16,  p.  480,  1012. 

69812^— Bull.  661—18 2 
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When  gas  was  first  discovered  in  these  rocks  at  Lancaster  the 
formation  was  thought  to  be  the  equivalent  of  the  Clinton  forma- 
tion of  New  York.  Later  studies  have  shown  that  the  beds  lie  below 
the  true  Clinton  and  probably  belong  to  the  Medina  group.  As  the 
term  '^  Clinton  "  sand  is  now  too  well  established  among  the  drillers 
to  be  supplanted,  and  as  no  other  name  for  the  formation  that  con- 
tains this  sand  has  yet  been  generally  accepted,  the  term  "  Clinton  " 
formation  is  retained  in  this  paper  in  conformity  with  current  usage. 

Big  lime. — ^The  Big  lime  consists  of  a  series  of  limestone,  dolo- 
mite, salt,  and  gypsum  beds,  which,  in  the  Cleveland  field,  aggregate 
from  1,425  to  1,825  feet  in  thickness.  The  upper  and  lower  parts  of 
this  series  consist  chiefly  of  limestone  and  dolomite ;  the  middle  part 
contains  the  salt  and  gypsum. 

The  lower  portion  of  the  Big  lime  consists  of  hard  light-gray 
magnesian  limestone,  or  dolomite,  averaging  about  500  feet  in  thick- 
ness. Most  of  it  is  of  Niagara  age,  but  some  of  the  upper  beds  prob- 
ably belong  to  the  Salina  formation.  About  200  feet  above  the  base 
of  the  Niagara  is  the  so-called  Newburg  sand,  which  is  not  a  true 
sand  but  merely  a  porous  layer  in  the  ordinarily  massive  dolomite. 
The  "  stray  "  sands  occasionally  reported  as  occurring  in  these  strata 
are  probably  of  similar  character.  In  most  of  the  wells  salt  water 
is  encountered  at  about  75  feet  above  the  base  of  the  Niagara  and 
also  at  200  to  300  feet  above  the  base. 

The  middle  portion  of  the  Big  lime,  which  consists  of  limestone, 
salt,  and  gypsum  or  anhydrite,  is  essentially  the  same  as  the  Salina 
formation.  The  upper  and  lower  portions  of  the  Salina  as  recorded 
by  drillers  can  not  be  distinguished  from  the  underlying  and  over- 
lying limestones,  and  as  the  thickness  and  distribution  of  the  salt 
beds  are  irregular  that  part  of  the  Salina  that  can  be  identified  in 
well  records  is  variable  in  thickness.  From  one  to  four  beds  of  salt 
are  generally  reported  by  the  driller,  and  in  some  localities  the  total 
thickness  of  salt  may  reach  125  feet. 

The  upper  portion  of  the  Big  lime  ranges  between  500  and  700 
feet  in  thickness  and  includes  the  Monroe  formation  and  the  Colum- 
bus and  Delaware  limestones.  Li  many  well  records  this  series  of 
strata  is  not  subdivided,  but  detailed  logs  record  a  sandstone  layer 
between  850  and  450  feet  below  the  top.  This  sandstone,  which  oc- 
curs in  the  Monroe  formation  and  is  generally  called  the  Sylvania 
sandstone,  has  been  identified  at  a  number  of  points  in  northeastern 
Ohio.*  In  a  few  localities  it  is  known  to  carry  small  amounts  of  oil 
or  gas,  and  in  other  places  shows  of  gas  have  been  reported  from  the 
upper  part  of  the  Big  lime  at  about  this  horizon,  but  the  sandstone 


>  Prosser,  C.  S.,  op.  clt. 
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has  not  proved  to  be  as  productive  a  reservoir  as  was  once  thought.^ 
The  sandstone  is  overlain  by  the  massive  dolomite  strata  composing 
the  npper  part  of  the  Monroe,  above  which  is  a  thinner-bedded  lime- 
stone that  is  known  in  Ohio  as  the  Columbus  but  is  believed  to  be  the 
equivalent  of  the  Onondaga  limestone  of  New  York.  Overlying  the 
Columbus  and  forming  the  top  of  the  Big  lime  is  the  Delaware 
limestone,  a  rather  thin-bedded  formation  which  generally  can  not 
be  distinguished  in  well  records  from  the  Columbus.  Salt  water  is 
usually  encountered  at  one  or  two  horizons  in  the  upper  part  of  the 
Big  lime,  and  some  wells  report  water  ^t  about  the  horizon  of  the 
sandstone  of  the  Monroe  formation. 

Ohio  shale  of  drillers. — The  Big  lime  is  overlain  by  a  considerable 
thickness  of  dark-blue  or  black  shale,  which  is  known  to  the  driller 
as  the  Ohio  shale.  In  most  well  records  the  individual  strata  are 
not  distinguished,  but  in  the  log  of  the  Wade  well  given  on  page  8 
the  beds  are  described  in  detail.  This  shale  occupies  the  entire  inter- 
val between  the  Delaware  limestone  and  the  Berea  sandstone,  and  in 
the  Cleveland  field  it  ranges  in  thickness  from  1,100  to  1,400  feet. 
Most  of  the  wells  start  below  the  top  of  the  shale,  however,  and  pass 
through  only  about  1,100  feet  before  reaching  the  Big  lime. 

The  lowest  formation  of  this  shale  series  is  probably  the  Olentangy 
shale,  which  is  characteristically  gray  and  calcareous.  It  is  ea^y 
recognized  in  the  central  part  of  the  State,  but  its  identification  in 
the  Cleveland  district  rests  chiefly  on  the  record  of  the  Wade  well, 
which  shows  80  feet  of  gray  shale  at  about  the  horizon  of  the  Olen- 
tangy. The  Olentangy  if  present  is  overlain  by  the  Ohio  shale 
group,  which  consists  of  the  Huron,  Chagrin,  and  Cleveland  shales. 
These  formations  can  be  differentiated  at  the  outcrop,  but  in  most 
well  records  they  are  indistinguishable.  The  upper  part  of  the 
Chagrin  shale  is  exposed  in  the  cliffs  along  the  lake  shore  at  Cleve- 
land, and  the  Cleveland  shale  is  well  exposed  in  the  banks  of  Bocky 
Biver  at  the  western  edge  of  the  field.  The  Ohio  shale  group  is  over- 
lain by  the  reddish  Bedford  shale,  which  crops  out  in  Big  Creek  and 
also  near  Berea  and  which  is  above  the  horizon  where  most  of  the 
wells  start 

Berea  sandstone. — ^The  Berea  sandstone  is  a  remarkably  persistent 
formation,  averaging  about  75  feet  in  thickness,  and  is  one  of  the 
best  and  most  widely  known  horizon  markers  in  Ohio.  It  crops  out 
at  <he  town  of  Berea,  where  it  is  extensively  quarried.  As  it  is  not 
present  in  the  main  Cleveland  field  it  is  recorded  only  in  the  logs  of 
a  few  wells  near  Berea. 

^Neff,  Peter,  The  Sylyania  eandstoDe  in  Cuyahoga  County,  Ohio:  GeoL  Soc  America 
BaU.,  TOl.  1,  pp.  81-^,  1889. 
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CHANGES  IN  THICKNESS. 

Most  of  the  formations  underlying  the  Cleveland  field  are  not  con- 
stant in  thickness,  and  some  of  them,  as  indicated  in  the  table  on 
page  5,  change  considerably  from  place  to  place.  In  some  of  the 
formations  the  variation  in  thickijiess  is  irregular,  but  in  others  a 
fairly  regular  change  in  one  direction  or  another  may  be  observed. 
The  net  result  of  these  changes  is  a  marked  eastward  thickening  of 
the  formations  overlying  the  Clinton  sand.  This  condition  is  eco- 
nomically important,  for  it  means  that  wells  drilled  at  points  east 
of  Cleveland  pust  penetrate  a  considerably  greater  thickness  of  rock 
before  reaching  the  Clinton  sand. 

Throughout  the  Cleveland  field  and  for  some  distance  to  the  east 
the  Berea  sandstone  and  Bedford  shale  maintain  a  fairly  constant 
combined  thickness.  The  Cleveland  shale  becomes  thinner  toward 
the  east,  being  over  90  feet  thick  on  Rocky  River,  at  the  western 
edge  of  the  field,  about  55  feet  on  Doan  Brook,  near  the  eastern 
edge,  and  only  17  feet  near  Painesville,  in  Concord  Township,  Lake 
County,  about  27  miles  farther  east.^  This  decrease,  however,  is 
more  than  compensated  by  the  increase  in  thickness  of  the  under- 
lying Chagrin  and  Huron  shales,  which  amounts  to  over  600  feet 
in  the  same  distance  and  which  continues  at  about  the  same  rate 
as  far  east  as  the  State  line.  The  thickness  of  the  limestone  forma- 
tions constituting  the  upper  part  of  the  Big  lime  appears  to  be 
fairly  constant  as  far  east  as  Painesville,  but  east  of  that  locality 
the  Monroe  formation  decreases  greatly  in  thickness.  The  Salina 
formation,  on  the  other  hand,  is  believed  to  thin  markedly  to  the 
west  of  Cleveland.  It  is  generally  thought  to  disappear  entirely  at 
Elyria,  though  wells  as  far  west  as  Oberlin  encounter  a  few  thin 
beds  of  salt  2  which  may  belong  to  this  formation.  Presumably 
because  of  this  wedging  out  of  the  Salina  to  the  west,  the  Big  lime 
as  a  whole  is  some  4D0  feet  thicker  at  Cuyahoga  River  than  at 
Oberlin.  It  maintains  about  the  same  thickness  from  Cuyahoga 
River  to  Painesville,  but  east  of  that  locality  it  decreases  in  thick- 
ness, because  of  the  wedging  out  of  the  Monroe  formation,  and  near 
Erie,  Pa.,  it  is  some  600  feet  thinner.'  The  thickness  of  the  shale 
and  limestone  beds  between  the  base  of  the  Big  lime  and  the  top 
of  the  Clinton  sand  is  fairly  constant  over  a  considerable  area,  though 
locally  it  varies  considerably. 

These  variations  in  thickness  are  shown  in  generalized  form  in 
figure  1-    The  variation  in  a  distance  of  13  miles  across  the  Cleveland 

1  ProBSer,  C.  8.,  op.  cit..  pp.  241,  476. 

•  Hubbard,  G.  B.,  Gas  and  oil  wells  near  Oberlin,  Oblo :  Bcon.  Geology,  vol.  8,  p.  685, 
1013. 
'Proaser,  C.  S.,  op.  cit,  pp.  411-421. 
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field,  as  deduced  from  a  number  of  well  logs,  is  shown  on  the  correct 
horizontal  scale,  and  in  order  to  extend  the  comparison  beyond  the 
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field  logs  of  wells  near  Oberlin,  Lorain  County,  and  near  Paines- 
ville,  Lake  County,  are  added. 
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At  Oberlin  the  shale  formations  between  the  Berea  and  the  "Big 
lime  aggregate  about  850  feet  in  thickness.  At  Olmsted  Falls,  near 
the  southwest  corner  of  the  Cleveland  field  and  about  17  miles  east 
of  Obwlin,  they  are  1,120  feet  thick,^  aiid  near  Berea,  4  miles  farther 
east,  1,228  feet.  On  Cuyahoga  River,  at  the  eastern  edge  of  the 
Cleveland  field,  they  are  about  1,425  feet  thick.*  At  Painesville,  30 
miles  east  of  Cuyahoga  Eiver,  they  aggregate  about  1,750  feet,  and 
in  the  central  part  of  Trumbull  County,  35  miles  southeast  of  Paines- 
ville,  about  2,400  feet."  The  average  thickness  of  the  Big  lime  at 
Oberlin  is  1,184  feet,  at  Berea  1,425  feet,  and  on  Cuyahoga  River 
nearly  1,600  feet.  The  log  of  the  Park  Drop  Forge  Co.'s  well,  in  the 
eastern  part  of  Cleveland,  shows  a  thickness  of  over  1,700  feet,  but 
this  may  be  only  a  local  thickening.  Near  Painesville  the  Big  lime 
is  1,580  feet  thick,  and  its  maximum  thickness  is  therefore  probably 
reached  in  the  district  between  Cuyahoga  River  and  Painesville. 

To  sum  up  these  variations,  the  shale  formations  increase  markedly 
in  thickness  from  Oberlin  to  the  State  line,  whereas  the  Big  lime 
increases  only  as  far  east  as  Lake 'County,  beyond  which  it  decreases. 
The  interval  between  the  Berea  and  the  Clinton  sand  is  about  2,100 
feet  at  Oberlin,  3,100  feet  on  Cuyahoga  River,  and  3,400  feet  in  Lake 

County  and  near  the  State  line. 

< 

STRUCTURE. 

Sedimentary  rocks  are  generally  deposited  in  a  nearly  horizontal 
position,  but  during  slow  earth  movements  the  strata  become  more  or 
less  disturbed  and  are  caused  to  incline  or  dip  in  one  direction  or 
another.  The  inclination  or  attitude  of  the  rocks  is  known  as  geo- 
logic structure.  A  simple  slope  is  called  a  monocline,  an  arch  an 
anticline,  and  a  trough  a  syncline.  Where  the  structure  is  gentle,  as 
in  northeastern  Ohio,  it  is  best  represented  on  a  map  by  structure 
contours,  which  are  lines  connecting  all  points  at  which  a  given  bed 
is  the  same  distance  above  or  below  sea  level.  The  structure  of  the 
Clinton  sand  is  shown  in  Plate  I  by  contour  lines  spaced  at  an 
interval  of  20  feet,  the  datum  being  a  plane  3,000  feet  below  sea  level. 

It  was  impracticable  to  determine  the  altitude  of  the  wells  by  spirit 
level ;  at  most  of  them  an  aneroid  barometer  was  used  and  for  some 
the  altitude  was  merely  estimated  from  the  topographic  map.  For 
this  reason  the  delineation  of  the  structure  on  Plate  I  can  not  be  con- 
sidered accurate  within  less  than  15  or  20  feet,  especially  in  the 
northern  and  eastern  parts  of  the  field.  This  degree  of  accuracy  is 
probably  as  great  as  that  of  the  ordinary  well  log,  however,  for  steel- 

^ProBser,  C.  8.,  op.  cit.,  p.  490. 
i  'Orton,  Edward,  op.  dt.,  p.  S52. 

■ProMer,  C.  S.,  op.  cit,  p.  889. 
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line  measurements  of  the  depth  of  the  sand  have  been  made  only  in 
a  few  wells,  chiefly  in  Middleburg  Township.  Moreover,  the  posi- 
tion of  the  Clinton  sand  in  the  so-called  "  Clinton  "  formation  is  very 
irregular,  and  where  it  is  barren  of  gas  its  identification  by  the  driller 
may  be  open  to  question.  The  structure  of  the  Clinton  sand  as  shown 
in  Plate  I  is  probably  a  combination  of  the  true  structure  with  the 
stratigraphic  irregularity  of  the  sand,  but  there  is  no  reason  to  doubt 
that  at  least  all  the  major  structural  features  are  delineated. 

The  broader  structural  relations  of  the  Cleveland  field  may  be  seen 
by  reference  to  the  small  index  map  in  Plate  I,  which  shows  in 
generalized  form  the  structure  of  the  Clinton  sand  throughout  most 
of  its  productive  area.  The  "Clinton"  formation  on  the  eastern 
flank  of  the  Cincinnati  anticline  crops  out  in  a  band  extending  from 
north  to  south  across  Ohio  and  dips  to  the  east  beneath  the  great 
Appalachian  coal  basin.  The  Clinton  sand  does  not  crop  out,  how- 
ever, but  feathers  out  in  central  Ohio,  and  the  great  central  gas  fields 
occupy  a  belt  along  the  thinning  edge  of  the  sand.  Within  this  belt 
the  average  dip  is  about  50  feet  to  the  mile  and  the  structure  is 
broadly  monoclinal,  but  there  are  many  minor  undulations  in  the 
general  slope,  and  in  places  small  though  well-defined  anticlines  have 
been  recognized.  In  northern  Ohio  the  angle  of  dip  appears  to  de- 
crease slightly  and  the  direction  of  strike  trends  somewhat  to  the 
east.  In  Cuyahoga  Comity  the  strike  changes  rather  abruptly  to  the 
northeast,  and  in  Geauga  and  Ashtabula  counties  it  appears  to  be 
almost  due  east.  Information  as  to  the  dip  of  the  sand  in  this  region 
is  very  meager,  but  the  structure  at  Niagara,  N.  Y.,^  and  in  south- 
western Ontario*  suggests  that  it  is  30  or  40  feet  to  the  mile.  It 
should  be  borne  in  mind  that  the  position  of  the  Clinton  sand  with 
reference  to  sea  level  is  controlled  to  a  considerable  degree  by  the 
variation  in  thickness  of  the  overlying  formations,  and  that  because 
of  the  eastward  thickening  of  the  so-called  Ohio  shale  structure  con- 
tours on  the  Berea  sandstone  would  be  very  different  from  those  on 
the  Clinton.  Despite  the  uncertainty  as  to  the  structure  of  the  sand 
under  Lake  Erie  it  is  clear  that  the  Cleveland  field  is  located  near  the 
point  at  which  the  most  abrupt  change  in  direction  of  strike  takes 
place.  The  field  appears  to  be  directly  associated  with  a  fairly  well 
defined  nose  pr  bulge  on  the  monoclinal  slope,  directly  south  of  a 
trough  which  is  presumably  due  to  the  buckling  of  the  strata  under 
strains  attending  the  change  in  strike. 

The  larger  map  showing  the  structure  of  the  field  in  detail  covers 
approximately  the  area  involved  in  the  nose  referred  to.  The  axis  of 
this  nose  runs  eastward  through  the  north-central  part  of  the  field, 

^Kindle,  E.  M.,  and  Taylor,  F.  B.,  U.  S.  Geol.  Sarvey  Geol.  Atlas,  Niagara  folio  (No. 
100),  p.  14,  1915. 

'  Malcolm,  Wyatt,  OU  and  gas  fields  of  Ontario  and  Quebec :  Canada  Qeol.  Survey  Mem. 
61>  pp.  4a-68,  1915. 
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but  the  structure  has  somewhat  the  nature  of  a  terrace  and  its  crest 
is  not  well  defined.  In  the  southern  part  of  the  field  near  Berea 
the  contours  run  almost  due  east,  but  they  trend  to  the  northeast  in 
the  eastern  part  of  Middleburg  Township  and  sharply  back  to  the 
northwest  near  the  shore  of  Lake  Erie.  The  southeasterly  dip  near 
Berea  and  the  northerly  dip  near  the  lake  shore  are  pronounced; 
that  in  the  latter  locality  is  particularly  sharp,  and  marks  the  edge 
of  the  trough  in  the  elbow  formed  by  the  general  change  in  strike 
of  the  formation.  The  dip  in  the  main  or  central  part  of  the  field  is 
to  the  east,  and  the  slope  is  gentle  and  comparatively  regular  from 
Eocky  Eiver  to  the  city  line.  East  of  the  city  line  the  dip  decreases, 
and  in  the  northeastern  part  of  the  city  there  is  a  fairly  well  defined 
structural  terrace,  the  southern  slope  of  which  underlies  the  district 
between  Brooklyn  and  Newburg.  West  of  Rocky  Eiver  the  dip  is 
also  slightly  less  than  in  the  main  part  of  the  field  but  is  inter- 
rupted by  a  localized  nose  or  undulation  which  presumably  repre- 
sents the  axis  of  the  major  structure. 

The  productive  area  is  confined,  in  a  broad  sense,  to  the  middle  part 
of  the  structural  nose,  forming  a  belt  extending  across  its  axis  and 
lying  mostly  between  the  1,000-foot  and  1,100-foot  contours.  A 
narrow  strip  also  extends  along  the  axis  to  the  west  at  least  as  far 
as  the  1,220- foot  contour.  Within  these  areas  the  sand  varies  greatly 
in  productivity,  and  in  some  localities  is  entirely  barren;  but  the 
variations  are  apparently  unrelated  to  minor  structural  features  and 
are  governed  directly  by  the  lithologic  character  of  the  sand  itself. 
Near  the  lake  shore  and  West  One  hundred  and  seventeenth  Street 
the  productive  i>ortion  of  the  sand  extends  somewhat  below  the  1,000- 
foot  contour,  but  elsewhere  the  sand  below  this  level  seems  to  be 
either  barren  or  poor.  The  1,000- foot  contour  is  followed  in  a  general 
way  entirely  across  the  field  by  an  irregular  belt  of  wells  that  find 
oil.  The  production  of  gas  from  the  eastern  part  of  the  field,  in 
which  the  Clinton  sand  lies  below  the  1,000- foot  contour,  is  compara- 
tively small  and  comes  almost  entirely  from  the  Newburg  sand,  the 
detailed  structure  of  which  can  not  be  determined. 

The  structural  relations  of  the  pools  of  the  area  and  the  influence 
of  the  structure  on  the  accumulation  of  gas  will  be  discussed  below. 

GAS   RESOURCES. 

GAS-BEA&ING  STRATA. 

Although  the  great  bulk  of  the  gas  produced  in  the  Cleveland  field 
comes  from  the  Clinton  sand,  some  gas  has  been  found  in  other 
formations.  It  occurs  at  various  horizons  in  the  glacial  drift,  the 
so-called  Ohio  shale,  the  Big  lime,  and  the  "  Clinton  "  formation. 

The  gas  occurring  in  the  drift  and  in  the  underlying  shales  is  gen- 
erally known  as  low-pressure  gas,  in  contradistinction  to  the  high- 
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pressure  gas  in  the  lower  part  of  the  Big  lime  and  in  the  "  Clinton  " 
formation.  Gas  has  been  obtained  in  the  drift  by  only  a  few  wells, 
and  accumulations  in  this  formation  are  of  negligible  economic  im- 
portance. The  shale  gas,  however,  is  more  widely  distributed  and  has 
long  been  an  important  source  of  domestic  supply.  Its  vertical  dis- 
tribution in  the  shale  formations  seems  to  be  irregular,  but  most  of 
the  wells  are  successful  in  finding  small  supplies  at  one  horizon  or 
another,  especially  in  the  district  west  of  the  west  city  line.  The 
initial  closed  pressure  of  the  gas  may  exceptionally  be  several  hun- 
dred pounds,  but  after  a  few  days  the  pressure  is  generally  less  than 
50  pounds  and  in  some  wells  is  only  5  or  10.  The  daily  open  flow  is 
generally  less  than  20,000  cubic  feet,  but  the  wells  are  comparatively 
long  lived,  some  of  them  producing  for  20  years  or  more.  Owing  to 
the  small  capacity  of  most  of  the  wells,  the  shale  gas  is  of  little  use 
in  manufacturing,  but  its  value  for  domestic  purposes  is  attested  by 
the  fact  that,  according  to  the  records  of  the  Geological  Survey,  there 
are  about  570  shale-gas  wells  in  Cuyahoga  County. 

Small  accumulations  of  gas  or  oil  have  occasionally  been  found  in 
the  upper  part  of  the  Big  lime.  The  largest  flow  of  gas  recorded 
for  this  rock  is  1,009,800  cubic  feet,  which  was  found  by  well  52 
(fig.  6)  in  a  "stray"  sand  215  feet  below  the  top  of  the  Big  lime. 
Two  wells  near  Hilliard  Eoad  and  Madison  Avenue  found  shows  of 
oil  about  270  feet  below  the  top,  but  these  deposits  appear  to  be  of  no 
economic  importance. 

The  lower  part  of  the  Big  lime  contains  the  Newburg  or  Stadler 
sand,  which  is  locally  a  productive  reservoir.  This  "sand,"  which 
in  many  localities  is  oily  and  chocolate-brown  in  color,  is  in  reality  a 
porous  phase  of  the  Niagara  limestone  occurring  about  360  feet  above 
the  Clinton  sand.  It  is  generally  thin ;  in  the  logs  of  several  wells 
that  produced  initially  over  5,000,000  cubic  feet  it  was  reported  to 
be  less  than  a  foot  thick.  Its  areal  distribution  is  very  irregular,  and 
the  two  principal  pools  that  have  been  developed  in  this  sand,  both 
near  Cuyahoga  River,  are  very  small.  Owing  to  the  pockety  charac- 
ter of  the  Newburg  sand  the  production  of  the  wells  generally  falls 
off  rapidly,  though  high  initial  pressures  and  flows  are  characteristic. 
In  the  western  part  of  the  field  practically  all  the  wells  penetrate  to 
the  Clinton  sand,  and  the  Newburg  is  rarely  reported.  Several  wells 
m  the  Lakewood  group  (see  fig.  8,  p.  45)  produce  from  the  New- 
burg, however,  and  one  or  two  wells  in  this  group  report  flows  of 
over  a  million  cubic  feet  from  both  Newburg  and  Clinton.  Several 
wells  have  found  shows  of  oil  in  the  Newburg ;  one  near  Bimts  Road 
and  Lorain  Avenue  reported  10  barrels  of  oil.  The  material  reported 
as  Newburg  in  the  logs  of  some  of  the  wells  in  the  western  part  of 
the  field  is  only  275  to  300  feet  above  the  Clinton  and  may.  not  be  the 
same  as  the  Newburg  of  the  Cuyahoga  Biver  district. 
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The  Clinton  sand  is  at  present  the  most  valuable  reservoir  of  gas 
in  Ohio  and  is  the  source  of  over  90  per  cent  of  the  gas  produced  in 
the  Cleveland  field.  Where  productive  it  is  a  clean,  fine  to  medium 
grained,  gray  to  red  quartz  sand,  resembling  the  Berea  in  general 
appearance.  Where  unproductive  it  is  usually  shaly  or  is  "  broken  " 
by  thin  hard  shells.  In  West  Park  Township  the  sand  is  generally 
gray  and  consists  of  a  single  bed,  in  which  the  productive  portion  is 
a  few  feet  below  the  top.  In  a  few  wells,  however,  the  gray  sand  is 
separated  into  two  baches  by  a  layer  of  shale,  and  though  either 
bench  or  both  may  be  productive  the  upper  is  commonly  the  richer. 
In  the  southern  part  of  the  field  the  Clinton  generally  consists  of 
two  sands,  the  lower  of  which  is  red.  The  red  sand  yields  little  gas, 
and  in  the  district  south  of  the  city  only  one  well  has  found  it  pro- 
ductive. In  this  district,  however,  and  as  far  southwest  as  Berea  a 
number  of  wells  report  oil  in  the  red  sand.  The  character  of  the 
Clinton  sand  and  its  position  in  the  "  Clinton  "  formation  are  shown 
by  the  logs  of  the  Schupp  well  and  the  Barkwell  Brick  Co.'s  well, 
given  above,  and  in  the  following  sections : 

Sections  of  "  Clinton  "  formation  from  logs  of  ioells. 


Wen  1  mile  cut  of  Beraw  Mlddkbws  T«»wii- 

ihip. 

Big  lime.  Feet. 

Shale 82 

Little  lime 11 

Shale 8 

Clinton  sand : 

White  sand  with  gas 5 

Shaly  sand 10 

Red  sand,  with  show  of  oil —  12 

Slate 35 

"  Medina  "  formation.  

163 

Well  on  Porkliu  farm,  northwestern  part  of 
lOddlobvrff  Township. 

Big  lime.  Feet. 

Shale 59 

Little  lime 30 

Shale 6 

Clinton  sand : 

White  sand  with  gas 12 

Shale  and  shell 13 

White  sand,  no  gas 10 

Gray  sand,  no  gas 10 

Slate 50 

"  Medina  "  formation.  

190 


Well  at  Berea  and  Detroit  aTonoea,  near  weet 
limit  of  Clereland. 

Big  lime.  Feet. 

Slate 52 

Stray  sand 24 

Slate 32 

Little  lime 4 

Red  rock 16 

Clinton  sand : 

White  sand .    3 

Broken  sand 12 

White  sand 5 

Slate 15 

Red  rock 8 

White  slate 80 

"  Medina  "  formation.  

201 

WeU  near  Lorain  Head  and  Rocky  RlTor,  Weft 
Park  Township. 

Big  lime.  Feet 

Shale 10 

Shell 10 

Shale 16 

Shell 4 

Shale 37 

Clinton  sand 13 

Shell,  carrying  oil  in  lower  part 27 

Shale 35 

"  Medina  "  formation^  - — 

151 
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The  **  Clinton  "  formation  as  a  whole  varies  considerably  in  thick- 
ness, and  it  will  be  noted  that  the  four  sections  just  given  show  a 
range  of  50  feet.  The  depth  of  the  sand  below  the  top  of  the  forma- 
tion ranges  between  76  and  128  feet;  the  interval  between  its  base 
and  the  "  Medina  "  is  35  to  62  feet.  The  thickness  of  the  sand  itself 
is  very  irregular  throughout  the  field,  though  the  range  from  13 
to  46  feet  shown  by  the  foregoing  sections  is  typical.  The  logs  of 
all  the  wells  yet  drilled  in  Olmsted  Township,  on  the  west  edge  of 
the  field,  report  the  sand  as  entirely  absent,  and  it  is  probably  also 
lacking  in  much  of  the  southern  part  of  Dover  and  Rockport  town- 
ships. In  West  Park  Township  the  Clinton  sand  is  generally  be- 
tween 6  and  30  feet  thick,  though  where  separated  into  two  benches 
its  total  thickness  may  reach  50  or  60  feet.  In  the  area  east  of  the 
city  line  the  sand  is  usually  somewhat  thicker,  generally  ranging 
between  30  and  60  feet,  but  in  most  of  this  area  it  is  ^'  broken  ^'  and 
nonproductive. 

It  is  probable  that  the  lenticular  "stray"  sands  that  may  occur 
near  the  Clinton  carry  gas  in  some  localities,  but  if  so  it  is  seldom 
reported.  This  may  be  due  to  the  fact  that  when  the  true  Clinton 
sand  is  barren  and  gas  is  found  in  another  sand  close  to  it  the  latter 
is  likely  to  be  erroneously  reported  as  Clinton.  A  few  wells  have 
found  shows  of  oil  in  "  stray  "  sands,  but  most  of  the  oil  is  regarded 
as  coming  from  the  lower  red  member  of  the  Clinton  sand. 

The  Clinton  sand  differs  from  most  of  the  productive  gas  and  oil 
sands  of  eastern  fields  in  that  it  nowhere  yields  flows  of  water.  The 
exact  hydrologic  character  of  the  Clinton  is  somewhat  uncertain  be- 
cause of  the  difficulty  of  completely  casing  off  the  large  flows  of  water 
in  the  lower  part  of  the  Big  lime  before  drilling  into  the  sand,  but 
drillers  in  the  Cleveland  field  almost  invari&bly  report  that  the  Clin- 
ton is  dry,  even  where  it  is  barren  of  oil  or  gas,  and  the  sand  is 
similarly  described  in  most  of  the  central  Ohio  fields.  It  is  highly 
probable  that  the  sand  is  not  actually  dry,  and  in  many  localities 
its  pores  may  be  entirely  filled  with  water;  the  drillers'  term  "  dry  " 
implies  merely  that  the  sand  does  not  yield  water  to  the  well.  In 
other  words,  such  water  as  the  Clinton  contains  is  generally  not  under 
high  head  or  pressure  and  therefore  does  not  migrate  perceptibly. 
As  the  Clinton  sand  does  not  outcrop  in  northern  Ohio  large  sup- 
plies of  surface  water  can  not  enter  it,  and  such  a  condition  is  there- 
fore not  surprising. 

A  peculiar  feature  of  gas  wells  that  penetrate  the  Clinton  sand  is 
their  tendency  to  "salt  up,"  a  condition  due  to  the  accumulation  of 
salt  at  the  foot  of  the  tubing,  in  some  wells  in  sufficient  quantity  to 
seal  them  and  shut  off  the  flow  of  gas.  In  general  the  salt  deposit 
is  granidar,  but  less  commonly  it  is  well  crystallized.    Various  ex- 
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planations  have  been  advanced  to  account  for  this  phenomenon; 
some  believe  that  the  salt  occurs  in  the  sand  in  the  form  of  small 
grains  and  is  blown  through  it  by  the  gas,  others  that  the  sand  car- 
ries some  salt  water,  which  is  evaporated  at  the  foot  of  the  well, 
and  others  that  salt  water  descends  from  the  lower  part  of  the  Big 
lime.  The  first  explanation  is  discredited  by  the  fact  that  some  of  the 
salt  is  well  crystallized  and  must  therefore  have  been  deposited  from 
solution.  The  second  is  opposed  to  the  general  belief  that  the  Clin- 
ton sand  is  practically  dry,  which  is  substantiated  by  the  fact  that 
few  gas  wells  contain  water  even  after  the  gas  is  practically  ex- 
hausted. The  third  view  seems  more  probable,  for  in  many  localities 
the  salt  water  in  the  lower  part  of  the  Big  lime  is  under  considerable 
head  and  is  very  difficult  to  exclude  completely  from  the  wells.  It 
is  very  probable  that  this  water  penetrates  in  small  amounts  to  the 
foot  of  many  wells,  and  that  the  deposition  of  salt  is  due  to  the 
evaporation  of  the  water  by  the  expanding  gas.  Even  though  the 
gas  as  it  exists  in  the  sand  may  be  completely  saturated  with  water 
vapor,  the  decrease  in  pressure  and  consequent  increase  in  volume  of 
the  gas  at  the  foot  of  the  well  would  decrease  the  partial  pressure 
exerted  by  the  water  vapor  and  enable  the  gas  to  take  up  more  of 
it.  The  water  in  the  lower  part  of  the  Big  lime  probably  contains 
about  15  per  cent  of  salts  by  volume,  and  the  evaporation  of  a  fairly 
small  quantity  of  this  water  would  therefore  suffice  to  "salt  up" 
a  2-inch  tubing.  Part  of  the  water,  however,  with  whatever  salts 
it  contains,  is  probably  carried  away  mechanically  by  the  gas,  just 
as  a  salt  mist  is  carried  by  the  sea  breeze. 

GAS  POOLS. 

ROCKPORT  POOL. 

The  Rockport  pool,  which  occupies  the  narrow. area  between  De- 
troit and  Center  Ridge  roads,  includes  practically  all  the  productive 
territory  west  of  Rocky  River.  (See  PI.  I.)  The  eastern  part  of 
this  territory  (see  fig.  2,  p.  40)  is  the  richest,  and  most  of  the  wells 
near  the  east  end  of  Center  Ridge  Road  had  initial  open  flows  of 
3,000,000  to  8,000,000  cubic  feet.  (See  table,  p.  38.)  Toward  the  west 
the  wells  become  less  productive,  most  of  them  flowing  initially  be- 
tween 1,000,000  and  2,000,000  cubic  feet,  though  one  near  the  town- 
ship line  is  credited  with  3,108,000  cubic  feet.  The  western  limit  pf 
this  pool  has  not  yet  been  determined.  All  the  wells  produce  from 
the  Clinton  sand,  though  one  near  the  intersection  of  Center  Ridge 
and  Wagar  roads  reports  1,813,350  cubic  feet  from  the  Newburg  sand. 

Efforts  to  find  extensions  of  this  pool  to  the  north  and  south  have 
resulted  in  a  number  of  dry  holes,  especially  in  the  district  near 
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Rocky  River.  (See  fig.  2.)  The  only  successful  wells  outside  of  the 
area  described  are  two  near  Lake  Road  and  the  river.  The  larger  of 
these  wells  reported  a  flow  of  6,706,000  cubic  feet,  but  they  are  sur- 
rounded by  dry  holes.  The  district  between  Center  Ridge  Road  and 
the  south  township  line  has  been  tested  by  five  wells,  all  of  which 
are  dry,  and  in  two  of  which,  according  to  report,  the  sand  is  absent. 
The  logs  of  four  wells  drilled  several  years  ago  in  the  eastern  part  of 
Olmsted  Township  also  report  the  sand  as  absent. 

Although  detailed  information  as  to  the  structure  in  this  region  is 
not  available,  the  productive  area  appears  to  be  associated  with  a 
well-defined  nose  or  plunging  anticline.  The  axis  of  this  small  fold 
is  about  normal  to  the  general  strike,  and  the  fold  is  believed  to  rep- 
resent the  western  part  of  the  larger  structural  nose  with  which  the 
Cleveland  field  as  a  whole  is  associated.  The  fact  that  structure  has 
played  an  important  part  in  determining  the  position  of  this  pool 
is  indicated  by  the  approximate  coincidence  of  the  productive  area 
with  the  crest  of  the  fold.  Furthermore,  the  largest  wells  are  those 
farthest  down  the  dip,  or  nearest  the  general  structural  level  of  the 
large  supplies  of  gas  in  the  main  field.  This  fact  suggests  that  the 
sand  becomes  less  productive  up  the  rise  and  that  the  pool  can  not 
extend  far  west  of  the  town^ip  lina  On  the  other  hand,  the  litho- 
logic  character  of  the  sand  undoubtedly  has  much  to  do  with  its 
productivity,  and  it  is  significant  that  the  logs  of  all  the  wells  out- 
side of  the  productive  area  report  the  sand  as  absent  or  thin  and 
broken. 

BEREA  POOL. 

The  valley  of  the  east  branch  of  Rocky  River  south  of  Berea 
has  been  rather  extensively  tested  and  has  proved  to  be  "  spotted." 
The  best  pool  yet  discovered  is  directly  south  of  Berea  and  extends 
half  a  mile  into  Strongsville  Township.  Two  wells  near  the  town- 
ship line  started  at  3,000,000  cubic  feet,  and  six  had  initial  open  flows 
of  1,000,000  to  2,000,000  cubic  feet.  There  is  one  dry  hole  near  the 
north  end  of  the  pool  and  three  small  producers  in  the  southern  part. 
About  a  mile  south  of  the  township  line  there  are  two  dry  holes, 
though  a  little  farther  south  several  good  wells  have  been  brought  in. 

Except  in  the  area  directly  south  of  Berea  prospecting  in  the 
southern  two-thirds  of  Middleburg  Township  has  been  attended  by 
rather  discouraging  results.  Of  17  wells  scattered  over  this  area 
seven  are  dry  and  four  produce  only  oil,  in  small  amounts,  from 
the  red  sand  that  forms  the  lower  member  of  the  Clinton.  All  the 
remainder  are  small  wells  except  two,  which  started  at  3,108,000  and 
9,500,000  cubic  feet,  and  the  pool  tapped  by  these  two  wells  can  not 
^  large.  The  oil  wells  are  in  the  eastern  part  of  the  township,  and 
the  oil-producing  area  appears  to  form  an  irregular  belt  that  follows 
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roughly  the  1,000-foot  contour  and  extends  across  the  northwestern 
part  of  Parma  Township,  to  the  east  All  the  four  wells  drilled  in 
Parma  Township  are  oil  wells. 

The  structure  in  the  northeastern  quarter  of  Middleburg  To¥m- 
ship  appears  to  be  favorable  to  the  accumulation  of  gas,  and  the 
large  proportion  of  barren  territory  in  this  area  must  be  attributed 
to  the  "broken"  character  of  the  sand.  The  9,500,000-foot  well  is 
near  the  center  of  the  structural  terrace  that  dominates  this  portion 
of  the  township,  and  most  of  the  oil  wells  are  at  the  base  of  the  ter- 
race. On  the  other  hand,  there  are  several  dry  holes  and  one  oil  well 
on  the  terrace,  and  the  rich  Brook  Park  pool  lies  to  the  northwest 
on  a  fairly  regular  mopoclinal  slope,  which  is  nonproductive  farther 
south.  The  southeastern  part  of  the  township  is  structurally  un- 
favorable and  so  far  as  tested  has  proved  barren.  The  Berea  pool 
appears  to  be  on  a  minor  terrace,  though  the  structure  south  of  the 
township  line  was  not  determined.  The  accumulation  of  gas  and  oil 
in  Middleburg  Township  seems  to  have  been  influenced  in  part  by 
local  structure  but  primarily  by  the  character  of  the  sand. 

BROOK  PARK  POOL. 

The  Brook  Park  pool,  which  supplies  about  85  successful  wells, 
occupies  an  irregular  area  lying  in  the  northwestern  and  northern 
parts  of  Middleburg  Township  and  extending  a  short  distance  into 
West  Park  Township.  It  is  the  most  recently  developed  pool  of 
economic  importance  in  the  Cleveland  field,  but  it  appears  to  be  now 
fairly  well  outlined  by  dry  holes.  (See  PL  I.)  The  richest  part  of 
the  pool  is  on  the  township  line  between  Berea  and  Harrington  roads. 
Several  wells  in  this  locality  had  initial  open  flows  of  more  than 
5,000,000  cubic  feet,  and  many  others  of  more  than  2,000,000,  though 
there  are  also  two  dry  holes.  Toward  the  east  and  west  along  the 
township  line  the  initial  flows  were  somewhat  smaller,  averaging 
between  1,000,000  and  2,000,000  cubic  feet.  Several  wells  on  the  west 
side  of  Berea  Road,  about  a  mile  south  of  the  township  line,  had 
initial  flows  of  more  than  4,000,000  cubic  feet,  but  the  sand  in  this 
area  is  irregular,  and  close  to  the  large  wells  there  are  several  dry 
holes. 

The  southern  and  western  borders  of  the  pool  appear  to  be  sharply 
defined,  and  any  extension  of  the  productive  area  in  these  directions 
will  probably  be  small  and  irregular.  To  the  east  the  sand  probably 
becomes  oil  bearing  within  a  short  distance.  The  northern  edge  of 
the  pool  is  not  yet  determined,  however,  and  the  district  west  of 
Harrington  Road  and  north  of  the  Cleveland  Short  Line  Railroad 
tracks  should  be  tested. 

Reference  to  Plate  I  shows  that  the  Brook  Park  pool  is  at  the 
northern  edge  of  the  structural  terrace  described  above  but  lies  chiefly 
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on  the  general  monoclinal  slope.  The  largest  wells  seem  to  be  in  a 
small  trough  at  the  north  edge  of  the  terrace.  The  very  irregular 
shape  of  the  pool  indicates  that  local  structural  conditions  have  had 
small  part  in  determining  its  position. 

WEST  PARK  FOOL. 

About  two-thirds  of  West  Park  Township  has  been  more  or  less 
closely  drilled  and  Inay  be  considered  as  proved  gas-producing  ter- 
ritory.    (See  fig.  6.) 

The  district  south  of  Lorain  Avenue  between  Berea  Koad  and 
Rocky  Kiver  appears  to  be  barren,  with  the  exception  of  a  small 
tract  near  the  junction  of  Berea  and  Puritas  Springs  roads.  One 
well  in  this  tract  started  at  8,217,000  cubic  feet,  though  it  found  the 
Clinton  sand  only  1  foot  thick;  several  other  wells  started  at  about 
2,000,000  cubic  feet.  It  is  possible  that  the  productive  area  extends 
some  distance  to  the  west,  but  to  the  north  and  south  it  is  bounded  by 
dry  holes.  One  well  farther  north  found  oil  in  the  Newburg  sand, 
and  a  well  at  Lorain  Avenue  and  the  river  found  a  show  of  oil  in  the 
Clinton. 

The  district  south  of  Lorain  Avenue  between  Berea  Road  and  the 
Lake  Shore  &  Michigan  Southern  Railway  tracks  has  been  thor- 
oughly tested  but  has  not  proved  very  productive.  It  contains  a 
number  of  wells  that  produced  initially  between  1,000,000  and 
2,000,000  cubic  feet,  but  also  many  dry  holes. 

The  southeast  corner  of  the  township  is  not  regarded  as  favorable 
territory.  A  7,277,800-foot  well  was  finished  in  November,  1915,  on 
the  property  of  the  American  Agricultural  Chemical  Co.,  but  six 
wells  within  2,000  feet  of  this  one  proved  dry.  Two  wells  recently 
drilled  in  the  extreme  southeast  corner  of  the  township  produced  20 
and  30  barrels  of  oil.  These  wells  are  at  about  the  same  structural 
level  as  the  oil  wells  in  Middleburg  and  Parma  townships,  and  it  is 
probable  that  much  of  the  area  between  the  two  groups  will  prove 
barren  of  gas  but  productive  of  oil. 

One  of  the  richest  areas  in  the  Cleveland  field  lies  at  the  inter- 
section of  Puritas  Springs  and  Harrington  roads.  One  well  in  this 
area  started  at  12,913,000  cubic  feet,  four  produced  about  10,500,000 
feet,  eight  others  yielded  about  5,000,000  feet,  and  eight  averaged 
about  3,000,000  feet.  This  area  is  bounded  on  the  north  and  west  by 
several  small  producers  and  on  the  east  by  dry  holes,  but  the  district 
to  the  south  should  be  tested.  A  short  distance  north  of  this  pool, 
near  the  intersection  of  Moore  Road  and  Lorain  Avenue,  there  is  a 
group  of  about  50  wells,  all  of  which  were  successful.  One  of  these 
wells  started  at  12,582,600  cubic  feet  and  another  at  10,590,000  feet, 
but  most  of  the  remainder  produced  initially  between  1,000,000  and 
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3,000,000  feet.  The  log  of  one  well  reported  a  small  amount  of  oil 
from  a  ^^  stray ''  sand  a  short  distance  above  the  Clinton,  and  another 
well  found  10  barrels  of  oil  in  the  Newburg  sand. 

In  the  district  lying  between  Lorain  and  Madison  avenues  west 
of  Warren  Road  there  are  about  76  wells,  of  which  only  one  is 
nonproductive.  Most  of  the  remainder  had  initial  open  flows  of 
1,000,000  to  4,000,000  cubic  feet  The  area  between  Warren  and 
Bunts  roads  is  somewhat  more  thickly  drilled,  containing  about  60 
wells  and  1  dry  hole.  A  well  about  a  thousand  feet  east  of  the  dry 
hole  started  at  7,366,000  cubic  feet,  but  nearly  all  the  remaining 
wells  in  this  tract  produced  less  than  3,000,000  cubic  feet  The 
district  between  Bunts  Eoad  and  the  city  line  includes  some  of  the 
most  thickly  drilled  territory  in  the  field,  the  area  of  2  square  miles 
shown  in  figure  6  containing  130  wells.  This  close  drilling  is  due 
chiefly  to  the  fact  that  much  of  the  land  has  been  subdivided  into 
lots,  for  the  territory  is  not  particularly  rich.  Three  wells  started  at 
6,000,000  cubic  feet  and  18  at  more  than  4,000,000  feet,  but  most 
of  them  started  at  2,000,000  feet  or  less,  and  17  are  reported  as  dry 
holes. 

A  number  of  wells  were  drilled  along  Madison  Avenue  east  of  the 
city  line  during  the  early  period  of  the  field's  development,  but 
nearly  all  these  wells  were  small,  and  many  of  them  started  at  less 
than  1,000,000  cubic  feet.  More  recently  a  small  pool  has  been  dis- 
covered on  Lorain  Avenue  about  half  a  mile  east  of  the  city  line. 
One  well  in  this  group  started  at  10,707,000  cubic  feet  and  another  at 
7,786,500  cubic  feet,  but  the  remainder  are  small.  Three  of  the  wells 
stopped  in  the  Newburg  sand,  finding  flows  of  about  2,000,000  cubic 
feet. 

The  structure  in  West  Park  Township  is  dominantly  monoclinal, 
and  the  many  small  undulations  in  the  general  slope  appear  to  have 
had  no  influence  on  the  accumulation  of  the  gas.  The  average  dip 
is  30  to  35  feet  to  the  mile,  which  is  somewhat  lower  than  in  the 
township  to  the  south  or  in  the  area  along  the  lake  shore  to  the 
north.  West  Park  Township  occupies  the  central  part  of  the  broad, 
gentle  nose  already  referred  to  (p.  15),  and  is  therefore  all  favorable 
territory.  Except  in  the  southeast  and  southwest  comers  of  the 
township  the  sand  is  clean  and  regular,  and  there  are  few  barren 
areas.  The  proportion  of  large  wells  is  not  high,  and  the  average 
initial  flow  was  probably  not  more  than  2,000,000  cubic  feet,  doubtless 
owing  in  part  to  the  very  large  number  of  wells  drilled. 

LAKEWOOD  POOL. 

The  Lakewood  pool  extends  along  the  lake  shore  from  Eocky 
Biver  to  a  point  a  short  distance  east  of  the  city  line.    It  is  separated 
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from  the  West  Park  pool,  to  the  south,  by  the  well-defined  barren 
area  lying  mostly  between  Madison  and  Detroit  avenue&  (See  PL  I.) 
The  western  part  of  the  Lakewood  pool  has  not  been  so  closely 
drilled  as  much  of  the  older  portion  of  the  field,  and  most  of  the 
wells  are  between  Lake  Avenue  and  the  lake  shore.  There  are  few 
large  wells  in  this  area,  but  several  started  at  about  5,000,000  cubic 
feet  and  the  averages  initial  open  flow  is  about  8,000,000  cubic  feet. 
Because  of  the  larger  acreage  per  well  the  production  ha^^  decreased 
less  rapidly  here  than  in  many  other  parts  of  the  field.  A  well  near 
Clifton  Boulevard  and  Webb  Boad  found  a  show  of  oil  in  the  Clin- 
ton sand,  which  is  unusual  in  this  part  of  the  Cleveland  field. 

That  portion  of  the  Lakewood  pool  lyifig  east  of  Giel  Avenue  is 
thickly  drilled,  there  being  90  wells  in  an  area  of  less  than  a  square 
mile.  (See  fig.  8.)  Wells  74  and  79  started  at  about  6,000,000  cubic 
feet,  and  five  others  at  about  4,500,000  feet,  but  the  average  initial 
flow  was  less  than  2,000,000  cubic  feet  (see  table,  p.  46),  and 
there  are  three  dry  holes.  Four  of  the  wells  stopped  in  the  Newburg 
sand,  finding  flows  of  about  2,000,000  cubic  feet.  Well  83  encoun- 
tered a  flow  of  6,056,850  cubic  feet  in  the  Newburg  but  penetrated 
to  the  Clinton  and  found  only  2,193,000  cubic  feet.  Wells  75,  76, 
and  77  found  shows  of  oil  in  the  Clinton  and  also  moderate  supplies 
of  gas. 

The  Lakewood  pool  apears  to  be  on  the  edge  of  a  sharp  trough 
whose  axis  lies  beneath  Lake  Erie.  (See  PL  I.)  The  western  part 
of  the  pool  is  appar^itly  near  the  head  of  the  trough,  and  the 
dip  in  that  locality  is  to  the  east  at  about  the  normal  rate.  In 
the  eastern  part  of  the  pool,  however,  the  dip  is  north  to  northeast 
at  a  very  much  higher  angle.  A  subsidiary  trough  enters  the  dis- 
trict at  about  the  city  line,  and  the  three  wells  that  found  shows 
of  oil  are  on  its  western  flank.  Elsewhere  in  the  pool,  however,  local 
structural  conditions  appear  to  have  had  little  influence  on  the  accu- 
mulation of  the  gas,  many  of  the  good  wells  being  located  on  the 
steep  slope  of  the  major  trough  and  many  others  on  the  flat  terrace 
to  the  south.  The  well-defined  barren  area  south  of  the  pool  extends 
at  right  angles  to  the  general  strike  and  embraces  minor  undulations 
of  both  anticlmal  and  synclinal  form. 

CTTT  POOLS. 

Two  well-defined  pools  in  the  Newburg  sand  have  been  found  in 
the  city  of  Cleveland  near  Cuyahoga  River,  and  a  number  of  isolated 
wells  have  been  drilled  to  the  Newburg  or  Clinton  in  various  parts 
of  the  city. 

The  older  of  the  two  pools  in  the  Newburg  sand,  generally  known 
as  the  Brooklyn  pool,  is  on  Cuyahoga  Eiver  near  the  mouth  of  Big 
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Creek.  The  area  north  of  the  creek  was  first  developed;  the  dis- 
covery well  (No.  1,  fig.  4)  started  at  12,500,000  cubic  feet,  and  11 
of  the  other  wells  flowed  initially  between  4,000,000  and  9,000,000 
feet.  (See  table,  p.  40.)  Twenty-five  of  the  wells  were  drilled 
within  an  area  of  about  85  acres,  and  the  decline  was  therefore  rapid. 
South  of  the  mouth  of  Big  Creek  the  average  initial  production  was 
somewhat  smaller,  though  one  of  the  wells  started  at  8,086,650  cubic 
feet  and  another  at  5,257,500  feet.  The  sand  is  rather  irregular 
throughout  the  pool,  and  six  wells  close  to  large  producers  were  dry. 
The  productive  area  is  sharply  delimited  and  forms  a  narrow  strip 
along  the  river,  the  southern  part  of  the  strip  being  only  a  few 
hundred  feet  wide.  The  larea  embraced  in  this  pool  is  so  small  that 
little  can  be  ascertained  regarding  its  structure,  but  the  peculiar 
outline  of  the  pool  suggests  that  it  may  be  associated  with  a  small 
anticline. 

The  other  pool  in  the  Newburg  sand  is  near  the  intersection  of  Wal- 
worth Avenue  and  West  Twenty-fifth  Street.  The  earlier  wells  in  this 
area  were  of  moderate  capacity,  but  in  July,  1915,  one  of  the  largest 
wells  in  the  whole  field,  having  an  initial  open  flow  of  13,384,000 
cubic  feet,  was  brought  in  here.  Three  other  wells  in  this  pool 
started  at  more  than  4,000,000  cubic  feet,  but  the  remaining  10 
averaged  about  2,000,000  cubic  feet.  The  pool  is  so  small  that  the 
structure  could  not  be  made  out. 

About  50  wells  have  been  drilled  to  the  Newburg  or  Clinton  in 
other  parts  of  the  city,  but  only  one  of  them  started  at  more  than 
3,000,000  cubic  feet,  and  the  greater  number  produced  less  than 
1,000,000  cubic  feet  daily  or  were  rated  as  dry.     Five  wells  were 
drilled  to  the  Newburg  sand  in  the  business  district  north  of  the 
Walworth  Avenue  pool;  one  started  at  3,214,400  cubic  feet,  but  two 
were  dry,  and  the  other  two  started  at  less  than  500,000  cubic  feet. 
Two  wells  a  short  distance  northwest  of  the  Walworth  Avenue  pool 
found  a  show  of  oil  in  the  Clinton,  and  about  a  mile  farther  north- 
west there  is  another.    About  a  dozen  wells  have  been  drilled  close 
to  the  city  line  near  the  intersection  of  Bidge  Road  and  Denison 
Avenue.    All  of  them  were  small  gas  wells,  whether  stopping  in  the 
Newburg  or  penetrating  to  the  Clinton,  though  one  of  those  in  the 
Clinton  found  13  barrels  of  oil.    In  the  district  to  the  south,  lying 
between  Linndale  and  Brooklyn,  13  wells  have  been  drilled  to  the 
Clinton  sand.     Of  these,  7  are  dry  holes,  and  only  1  produced  as 
much  as  500,000  cubic  feet  of  gas  daily,  but  the 'remainder  yield 
some  oil.     The  logs  of  most  of  these  wells  report  the  lower  red 
member  of  the  Clinton  sand,  which  is  absent  in  most  of  West  Park 
and  Rockport  townships.    Between  Brooklyn  and  the  pool  at  the 
mouth  of  Big  Creek  8  wells  have  been  drilled;  6  were  dry  holes, 
but  1  produced  1,869,700  cubic  feet  from  the  Clinton  and  the  other 
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2,750,000  cubic  feet  from  the  Newburg.  About  20  wells  have  been 
drilled  along  the  east  side  of  Cuyahoga  River  close  to  or  within  the 
city  limits.  Nearly  all  these  wells  stopped  in  the  Newburg  sand,  and 
had  initial  flows  of  300,000  to  2,000,000  cubic  feet,  but  2  penetrated 
to  the  Clinton  and  found  flows  of  about  1,700,000  cubic  feet  A  few 
other  wells  have  been  drilled  in  the  eastern  part  of  the  city,  but 
practically  all  of  them  found  both  Newburg  and  Clinton  dry. 

As  shown  on  Plate  I,  the  Clinton  sand  under  the  central  and  north- 
eastern parts  of  the  city  appears  to  lie  in  a  broad,  flat  terrace,  the 
southern  slope  of  which  occupies  the  district  between  Brooklyn  and 
Newburg.  The  portion  of  the  terrace  shown  on  the  map  may  be 
regarded  as  barren  except  locally.  The  eastern  limit  of  the  commer- 
cially productive  area  is  on  the  west  or  upper  dope  of  the  terrace, 
being  associated  in  a  general  way  with  the  1,000-foot  contour.  A 
short  distance  below  this  contour  is  the  irregular  belt  of  wells  that 
found  small  amounts  of  oil,  and  although  some  oil  and  gas  have 
been  found  still  farther  down  the  dip  the  outlook  for  extensive  devel- 
opment in  that  direction  is  not  promising.  The  eastern  slope  of  the 
terrace  is  east  of  the  area  shown  on  Plate  I ;  this  slope  has  not  been 
tested  and  may  prove  productive,  though  the  barren  character  of  the 
south  slope  is  not  encouraging. 

PACTOBS  IN  THE  ACCTTHULATIOK  OP  THE  GAS. 

In  attempting  to  find  extensions  of  the  Cleveland  field  or  new  pools 
in  this  region  a  knowledge  of  the  factors  that  have  influenced  the 
accumulation  of  the  gas  is  very  desirable.  It  is  a  common  belief, 
especially  among  oil  and  gas  operators  in  northern  Ohio,  that  geo- 
logic structure  has  had  little  to  do  with  the  position  of  pools  in  the 
Clinton  sand  and  that  variation  in  the  porosity  of  the  sand  itself  is 
the  controlling  factor.  On  the  other  hand,  it  is  held  by  many  that 
accumulations  in  the  Clinton  are  controlled  by  terrace  structure  or 
by  minor  undulations  in  the  monoclinal  slope,  and  it  has  recently 
been  shown  that  the  pools  near  Wooster,  50  miles  south  of  Cleveland, 
are  closely  associated  with  small  anticlines.^  If  in  the  Cleveland 
region  the  texture  of  the  sand  is  the  controlling  factor,  a  large  number 
of  dry  holes  must  be  expected  in  efforts  to  discover  extensions  of  the 
field;  but  if  structural  conditions  have  played  an  important  part, 
pjx)specting  may  be  conducted  more  intelligently. 

The  Clinton  sand  is  exceptional  among  important  oil  and  gas 
reservoirs  in  that  it  does  not  crop  out  in  the  vicinity  of  its  productive 
area.  It  rises  from  a  great  depth  beneath  the  Appalachian  coal 
basin,  becomes  somewhat  thinner  toward  the  west,  and  feathers  out 

^Bonlne,  C.  A.,  Anticlines  In  the  Clinton  sand  near  Wooster,  Wayne  County,  Ohio: 
U.  8.  OwL  StiiTey  Boll.  621,  pp.  87-08)  1010. 
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in  central  Ohio,  where  it  approaches  nearest  the  surface.  The 
tendency  of  gas  to  migrate  up  the  rise  is  generally  considered  the 
ultimate  cause  of  its  accumulation  near  Cleveland,  as  well  as  in  the 
great  belt  to  the  south,  for  it  is  in  this  general  zone  that  its  upward 
migration  is  stopped  by  the  thinning  out  of  the  sand.  The  sand  does 
not  disappear  completely  along  a  single  regular  line ;  there  is  a  border 
zone  in  which  it  is  present  only  in  small  irregular  areas,  some  of 
which,  like  that  at  Oberlin,  may  prove  productive.  As  the  logs  of  a 
number  of  wells  a  short  distance  west  of  the  Cleveland  field  report 
the  sand  as  absent,  the  field  appears  to  be  on  the  eastern  edge  of  the 
zone  in  which  the  sand  is  irregular. 

Although  the  feathering  out  of  the  sand  has  determined  the  gen- 
eral position  of  tKe  great  Clinton  gas  fields,  structural  conditions 
have  undoubtedly  operated  to  localize  the  accumulations.  In  many 
of  the  southern  fields  and  as  far  north  as  Wooster  the  gas  is  not 
accumulated  directly  at  the  edge  of  the  sand,  but  has  been  trapped 
in  structural  irregularities  a  short  distance  below.  In  the  writer's 
opinion,  structural  conditions  have  also  controlled  the  accumulation 
of  gas  near  Cleveland.  The  field  as  now  developed  is  confined  en- 
tirely to  a  very  gentle  structural  nose  or  bulge ;  most  of  the  oil  occurs 
below  the  gas  and  approximately  at  one  structural  level,  and  below 
this  level  the  sand  appears  to  be  practically  barren  of  either  oil  or 
gas.  Aside  from  this  local  structure,  the  marked  change  in  the  strike 
of  the  Clinton,  forming  an  elbow  or  pocket  near  Cleveland,  has 
probably  also  furthered  the  accumulation  of  gas  in  this  locality. 

A  third  condition  affecting  the  accumulation  of  the  gas  is  vari- 
ation in  the  porosity  of  the  sand,  and  this  factor  seems  to  have  con- 
trolled very  largely  the  detailed  outline  of  the  productive  area  and 
the  position  of  the  richer  territory  within  it.  In  fact,  the  outline 
of  the  productive  area  is  so  irregular  that  at  first  sight  it  appears  to 
have  little  relation  to  geologic  structure.  For  example,  the  narrow 
and  sharply  defined  strip  of  barren  territory  separating  the  West 
Park  and  Lakewood  pools  and  extending  at  right  angles  to  the  strike 
can  not  be  explained  on  structural  grounds,  nor  can  the  irregular 
barren  area  on  the  minor  structural  terrace  in  the  central  part  of 
Middleburg  Township.  These  local  variations  must  be  attributed  to 
the  character  of  the  sand,  and  it  is  only  when  the  field  is  viewed 
broadly  that  the  true  significance  of  the  structure  becomes  apparent. 

As  accimiulations  of  gas  in  areas  near  by  have  probably  formed 
under  conditions  similar  to  those  in  the  Cleveland  field,  the  fore- 
going conclusions  furnish  several  suggestions  for  prospecting.  It 
is  evident,  in  the  first  place,  that  the  Cleveland  field  is  near  the 
western  limit  of  the  general  productive  belt,  and  that  the  sand  be- 
comes irregular  and  discontinuous  to  the  west.   Productive  areas  may 
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be  discovered  wegt  of  the  Cleveland  field,  but  such  areas  are  likely 
to  be  small  and  prospecting  for  them  will  probably  involve  a  num- 
ber of  dry  holes.  The  zone  in  which  the  sand  dies  out  trends  some- 
what we^  of  south,  hoi^ever,  and  as  prospecting  continues  south  it 
may  therefore  be  extended  farther  west.  The  eastern  limit  of  the 
general  productive  belt  can  not  now  be  determined.  Although  in 
the  Cleveland  field  the  territory  below  the  1,000-foot  contour  seems 
to  be  practically  barren,  farther  south  productive  areas  have  been 
found  at  lower  levels,  correspondingly  farther  from  the  thin  edge 
of  the  sand.  The  pools  near  Wooster,  for  example,  extend  at  least 
as  far  down  the  dip  as  the  600-foot  contour  (2,400  feet  below  sea 
level).  Furthermore,  as  the  strike  of  the  Clinton  turns  to  the  east 
near  Cleveland,  the  sand  may  be  found  along  the  lake  shore  to  the 
northeast  at  depths  of  2,000  to  2,400  feet  below  sea  level.  (See  index 
map,  PL  I.)  This  area  has  not  been  seriously  tested,  and  although 
such  results  as  have  been  attained  are  chi^y  negative  the  district 
should  not  be  ccxidemned  without  further  exploration.  Southeast 
of  the  Cleveland  field  the  depth  of  the  Clinton  sand  increases  rather 
rapidly  and  prospecting  can  not  extend  many  miles  in  that  direction. 

The  most  favorable  localities  for  prospecting  within  the  area  just 
outlined  are  those  in  which  the  dip  of  the  Clinton  changes  in  de- 
gree, and  the  larger  accumulations  of  gas  will  probably  be  found 
in  the  structural  irregularities  so  formed.  The  pools  near  Wooster 
are  closely  related  to  rather  sharp  anticlines ;  in  the  Cleveland  dis- 
trict the  structure  is  more  gentle,  but  the  field  as  a  whole  is  con- 
fined to  a  broad  nose.  As  the  southern  edge  of  this  nose  seems  to 
be  at  Berea,  the  development  on  this  particular  structural  feature 
may  be  regarded  as  already  well  outlined.  Little  is  known  of  the 
detailed  structure  between  Berea  and  Wooster,  but  it  is  highly  prob* 
able  that  other  noses,  anticlines,  or  terraces  exist.  A  sufficient  num- 
ber of  wells  have  already  been  drilled  in  certain  parts  of  this  district 
to  make  possible  a  general  comparison  of  the  altitude  of  the  sand 
at  different  points,  and  a  study  of  this  kind,  supplemented  if  possible 
by  an  examination  of  the  surface  geology,  would  doubtless  prove  a 
valuable  aid  in  prospecting.  In  the  district  east  and  northeast  of 
Cleveland  nothing  is  known  of  the  detailed  structure,  and  prospect- 
ing offers  less  chance  of  quick  returns  than  in  the  area  to  the  south. 

Although  structural  conditions  undoubtedly  control  the  general 
position  of  the  pools,  it  should  be  borne  in  mind  that  the  character 
of  the  sand  itself  determines  their  detailed  outline.  One  or  two  un- 
successful wells  in  an  area  of  favorable  structure  do  not  necessarily 
condemn  it;  several  of  the  earliest  wells  in  the  Cleveland  field,  put 
down  close  to  what  has  proved  highly  productive  territory,  were  dry. 
As  a  general  rule  the  more  pronounced  the  structure  the  more  closely 
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is  the  distribution  of  the  gas  related  to  it;  where  the  structure  is 
broad  and  gentle,  as  in  the  Cleveland  field,  the  character  of  the  sand 
becomes  a  more  important  factor. 

QXTALITY  OF  THE  GAS. 

The  chemical  constitution  and  heating  value  of  Clinton  gas  in  the 
Cleveland  field  are  shown  by  the  first  two  analyses  in  the  following 
table.  Analysis  3,  representing  Clinton  gas  from  the  Thurston  field 
in.  Fairfield  County,  is  added  for  comparison.  Analysis  4  represent^ 
a  sample  of  gas  that  was  collected  in  Cleveland  before  1894  and 
therefore  is  presumably  shale  ga& 

Analyses  of  gas  from  Cleveland  and  Thurston  fields. 


1 

2 

3 

4 

Carbon  cUozldefCX)i) 

a2 

.8 

.3 

3.7 

9L2 

ao 

.6 

.1 

1.6 

95.5 

a25 
.15 
.15 
.65 

.'36" 

a20 

Carbon  monoxide  (CO) 

Oz3^en(Ot). 

.00 

Hyaroeen(H)..- 

.00 

MMhftne(CH«) 

OteflTHW.    ....   .T  ... r       t -   r r   ,    r 

UlnmlnantR 

LI 

.2 

Total  paraffins 

9a  48 
&12 

93.50 

MitnMnn(Ni) 

2L7 

2.0 

6.30 

Heatlnc  value,  in  British  thermal  units 

loao 

1,069 

100.0 
1,105 

loaoo 

loaoo 

1  and  2.  Clinton  gas  from  numerons  wells  in  Lakewood  and  West  Park  pools,  Cleveland  field.  Analyses 
by  C.  P.  Llnder  for  East  Ohio  Oas  Co..  1915. 

8.  CUntongas  from  Thurston  field.  Fairfield  County.  Analyst,  C.  C.  Howard.  Cited  by  Bownocker, 
J.  A.,  Am.  Geologist,  vol.  31.  p.  230, 1903. 

4.  Oas  from  wmI  in  Clevejand  (probably  shale  gas).  Analyst,  F.  C.  Phillips,  Am.  Chem.  7onr.,  vol. 
16,  p.  416, 180<. 

Analyses  1  and  2  indicate  that  the  Clinton  gas  of  the  Cleveland 
field  is  a  high-grade  fuel  composed  almost  entirely  of  methane  and 
higher  hydrocarbon&  The  oxygen  and  mudi  of  the  nitrogen  re- 
ported are  probably  due  to  admixture  of  air  in  the  samples  analyzed, 
so  that  the  minor  constituents  of  the  gas  are  chiefly  hydrogen  and 
carbon  monoxide.^  Analyses  3  and  4,  though  showing  higher  per- 
centages of  nitrogen,  represent  gas  essentially  similar  to  that  of  the 
Lakewood  and  West  Park  pools. 

Although  no  analysis  of  gas  from  the  Newburg  sand  is  available, 
a  number  of  determinations  of  its  heating  value,  made  for  the  East 
Ohio  Gas  -Co.,  indicate  that  it  is  very  similar  in  composition  to  gas 
from  the  Clinton  sand.  According  to  these  tests  the  heating  value 
of  the  Newburg  gas  ranges  between  1,035  and  1,120  Britisli  thermal 
units  and  that  of  the  CUnton  between  1,050  and  1,110  British  thermal 
units;  the  average  for  each  is  about  1,080  British  thermal  unita 

^Bnmll  and  Oberfell  (Bnr.  Mines  Tech.  Paper  109,  p.  11,  1916)  state  that  they  have 
found  no  hydrogen  or  carbon  monoxide  in  any  of  the  numerous  aamples  of  natural  gas 
tested  by  them.  They  believe  that  these  substances  are  not  present  In  natural  gas  and 
aacrlbe  the  fact  that  they  are  frequently  reported  to  unavoidable  errora  involved  In  the 
ordinary  methods  of  gas  analyais. 
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TECHNOLOGIC  FEATURES.  OF  THE  FIELD. 

The  Clinton  sand  wells  in  the  Cleveland  field  are  from  2,500  to 
2,900  feet  deep ;  the  deeper  wells  are  in  the  southern  and  eastern  parts 
of  the  field.  Most  of  the  Newbui^  sand  wells  are  about  2,400  feet 
deep,  and  the  shale  wells  from  600  to  1,200  feet  deep.  Most  of  the 
shale  wells  were  drilled  with  a  portable  rig,  but  all  the  Newburg  and 
Clinton  wells  were  drilled  with  a  derrick  and  cable  tooLs.  The  aver- 
age time  of  drilling  for  the  deep  wells  is  40  dajrs,  and  the  average  cost 
between  $5,000  and  $6,000.  In  the  district  between  Bocky  Kiver  and 
the  city  line  the  dip  of  the  Clinton  is  so  regular  that  many  of  the 
wells  were  drilled  under  contract  at  a  flat  rate  for  the  finished  well 
rather  than  at  so  much  per  foot. 

Three  strings  of  casings  are  generally  used  in  drilling,  with  one  or 
more  joints  of  10-inch  casing  at  the  top  as  a  conductor.  The  8-inch 
casing  used  to  shut  off  surface  water  is  generally  70  to  170  feet  long. 
The  salt  water  in  the  upper  part  of  the  Big  lime  is  cased  off  with 
6f-inch  casing  at  a  depth  of  1,450  to  1,700  feet.  If  the  well  extends 
to  the  Clinton  the  salt  water  encountered  a  short  distance  below  the 
Newburg  sand  is  shut  off  between  2,450  and  2,700  feet  with  5^-inch 
casing.  This  casing,  as  well  as  the  tubing  inserted  later,  is  packed 
in  order  to  exclude  the  salt  water  from  above.  Many  of  the  wells, 
especially  the  smaller  ones,  in  which  the  sand  is  dense  and  hard,  are 
shot  with  nitroglycerin,  the  average  charge  being  30  to  40  quarts. 
Although  in  some  wells  this  does  not  increase  the  flow  of  gas,  it 
generally  proves  advantageous,  and  in  one  well  near  Harrington  and 
Puritas  Springs  roads  served  to  increase  the  flow  from  691,000  to 
3,108,000  cubic  feet  When  the  well  has  been  shot  the  strings  of 
larger  casing  are  pulled,  the  tubing  is  set,  and  the  derrick  is  removed. 

The  life  of  a  gas  well  depends  to  a  considerable  degree  on  the 
manner  in  which  it  is  handled.  The  water  in  the  Big  lime  may  be 
ander  a  head  of  2,000  feet,  and  it  is  very  difficult  to  exclude  this 
water  completely  by  the  use  of  packers  alone.  A  factor  of  great 
importance  is  the  pressure  of  the  gas  itself,  which  tends  to  hold 
back  this  water,  and  if  the  well  is  drawn  on  to  its  full  capacity  and 
the  pressure  rapidly  reduced  the  water  may  invade  the  sand  and 
ruin  the  well  early  in  its  career.  In  many  wells  a  small  amount  of 
water  probably  does  pass  the  packers  and  on  evaporation  causes  the 
well  to  ^^  salt  up,''  as  already  described.  The  salt  is  generally  removed 
by  forcing  a  little  freeb  water  or  steam  into  the  well  and  closing  it 
for  a  day  or  two,  at  the  end  of  which  the  water  is  expelled  by  opening 
the  valve  wide  and  allowing  the  well  to  flow.  Most  of  the  wells  are 
free  from  water  troubles,  in  the  ordinary  sense  of  the  term,  but 
^'salting  up"  is  very  common.  As  the  Clinton  sand  when  first 
penetrated  by  the  drill  is  almost  invariably  reported  to  be  free  irom 
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water,  the  remoTial  of  the  gas  is  not  accompanied  by  the  invasicHi  of 
water  from  lower  levels,  as  in  many  other  fields. 

PRODUCTION   OF  THE  FIEIiD. 

The  quantity  of  gas  produced  in  Cuyahoga  County  during  the 
years  1911  to  1915  is  given  in  the  following  table,  which  has  been 
compiled  by  Miss  Belle  Hill  under  the  supervision  of  J.  D.  Northrop. 
The  gas  produced  from  shallow  wells  stopping  in  the  Ohio  shale  is 
separated  from  that  furnished  by  deep  wells  drilled  to  the  Newburg 
or  Clinton  sands.  The  total  production  of  Ohio  during  the  same 
period  is  added  for  comparison.  During  the  years  indicated  practi- 
cally  all  the  gas  produced  from  the  Newburg  and  Clinton  sands 
in  Cuyahoga  County  came  from  the  area  discussed  in  this  report  and 
shown  in  Plate  I,  though  in  1916  scmie  gas  was  produced  in  the  dis- 
trict to  the  south. 


Natural  gas  produced  in  Cuyahoga  County  and  in  Ohio,  1911-1915, 


Ymt. 


1911. 
1912. 
1913. 
1914. 
1915. 


Ohio 

(eabiofeet). 


49,449,749,000 
56,210,062,000 
50, 612, 2U,  000 
68,270,174,000 
79,510,082,000 


CayahogB  County. 


From  deep  wells. 


Cubic  feet. 


548,934,000 

1,536,087,000 

16,256,705,000 

31,346,831,000 


Peroent 

of  State's 

produiy 

Uon. 


0 

0.9 

3.0 

23.8 

30.4 


FromshaUov 
(shale)  wells 
(cnbloftet). 


116,090,000 

96,977,000 

a96,9n,000 

a  101,000,000 

a  101,000,000 


a  Estimated. 

The  following  table  records  by  years  the  number  of  deep  (New- 
burg and  Clinton)  and  fallow  (shale)  wells  drilled  in  Cuyahoga 
County  from  1911  to  1915,  and  shows  the  status  of  development  on 
June  1,  1916.  Of  the  855  deep  gas  wells  completed  by  that  date 
743  draw  their  supplies  from  the  Clinton  sand,  only  112  stopping  in. 
the  Newburg.  Of  the  dry  holes  drilled  144  penetrate  both  Newburg 
and  Clinton,  the  remaining  10  extending  only  to  the  Newburg. 

Wells  having  an  initial  open  flow  of  less  than  250,000  cubic  feet 
are  commonly  considered  dry  in  the  Cleveland  field.  The  wells 
classified  in  the  table  as  dry  include  those  reported  as  dry  by  the 
owner  and  also  those  whose  initial  open  flow  was  measured  and  found 
to  be  less  than  250,000  cubic  feet. 


CLEVELAND  GAS  FIELD,  OHIOf. 
Wells  drilled  for  natural  gas  in  Cuyahoga  County,  1911-1916. 
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Deep  wells. 

Shallow  (shale)  weUs. 

Year. 

Drilled. 

Aban. 
doned. 

Pro- 
ductive 
Dec  31. 

Drilled. 

Aban- 
doned. 

Pro- 
duotJva 
Deo.  31. 

Ou. 

Dfy. 

Gas. 

Dry. 

Wll 

1 

9 

17 

877 

412 

855 

0 
6 
7 

55 

57 

154 

0 

0 

0 

43 

147 

•  326 

1 

10 

27 

861 

626 

20 
16 

3 

4 

21 
47 

609 

lOU 

578 

1913 

0  578 

1914 

•  567 

1915 

•  567 

To  June  1,1916. 

•  Estimated. 

These  tables  show  plainly  the  exceptionally  rapid  rise  of  the 
Cleveland  field,  which  in  1912  contributed  only  1  per  cent  of  the 
Staters  production  but  in  1915  yielded  about  39  per  cent.  The  out- 
put in  1915  probably  represents  the  maximum  yearly  production  from 
the  Cleveland  field  proper,  for  practically  all  the  area  shown  in 
Plate  I  has  either  been  thoroughly  drilled  or  proved  unproductive. 
The  production  of  the  county  as  a  whole  for  1916  may,  however,  be 
increased  by  the  development  of  new  territory  to  the  south. 

The  approximate  extent  of  the  territory  now  developed  in  the 
Cleveland  field  is  27  square  miles,  divided  as  follows: 

Clinton  sand :  Square  miles. 

West  Park  and  Rockport  pools 12.3 

Brook  Park  pool 4. 7 

Lakewood   pool 3. 0 

Berea   pool .  6 

Eastern  part  of  Mlddleburg  Township  (mostly  oil) 2.2 

Llnndale  area  (mostly  oil) .7 

Areas  In  city '. .5 


Newbury  sand: 


24.0 


Brooklyn  pool  and  area  on  Cuyahoga  River 2. 3 

Walworth  Avenue  pool .7 


3.0 

The  life  of  the  field  as  now  developed  is  difficult  to  estimate  but 
probably  will  not  be  more  than  three  or  four  years.  During  1914 
&  back  pressure  of  130  to  150  pounds  was  maintained  on  the  wells 
in  the  West  Park  and  Lakewood  districts,  but  in  the  Brooklyn  pool 
the  pressure  was  somewhat  lower.  In  1915  it  was  found  necessary 
to  reduce  the  pressure  throughout  the  older  portion  of  the  field,  and 
in  the  Brooklyn  pool  it  was  finally  lowered  to  20  pounds.  It  has 
now  been  lowered  to  40  or  50  pounds  in  the  Lakewood  pool  and  part 
of  the  West  Park  pool,  and  the  use  of  compressors  will  soon  be  neces- 
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sary  in  those  districts.  Pumps  are  now  being  instaUed  on  some  of 
the  wells.  In  the  district  west  of  Rocky  River,  in  the  southern  part 
of  West  Park  Township,  and  in  Middleburg  Township  the  rock 
pressure  is  still  high,  however,  and  a  considerable  back  pressure  is 
maintained. 

A  large  proportion  of  the  gas  produced  in  the  Cleveland  field  is 
bought  by  the  East  Ohio  Gas  Co.  at  6  cents  a  thousand  cubic  feet 
and  supplied  for  domestic  purposes  and  manufacturing  to  the  city 
of  Cleveland.  The  average  daily  production  from  the  field,  which 
was  about  85,000,000  cubic  feet  in  1915,  is  not  sufficient  to  supply  the 
city,  however,  and  a  considerable  quantity  of  gas  is  transported  by 
pipe  line  from  the  West  Virginia  fields.  Some  of  the  gas  produced 
in  Middleburg  Township  is  sold  to  the  Berea  Pipe  line  Co.,  which 
supplies  Berea  and  several  other  towns  in  Cuyahoga  and  Lorain 
counties,  and  a  little  is  taken  by  other  distributing  companies.  A 
number  of  manufacturing  firms  in  Cleveland  produce  gas  for  their 
own  use,  but  in  1915  the  quantity  of  gas  not  sold  to  distributing  com- 
panies represented  only  8.6  per  cent  of  the  field's  production. 

The  gas  produced  by  some  of  the  wells  contains  a  little  gasoline, 
which  may  be  condensed  as  pipe-line  "  drips  "  or  extracted  by  com- 
pression. Gasoline  has  been  condensed  on  a  small  scale,  but  no  com- 
mercial production  is  reported. 

A  little  oil  has  been  produced  in  the  field  since  1912,  but  no  esti- 
mate of  the  quantity  prior  to  1915  is  available.  In  1915  the  Buckeye 
Pipe  Line  Co.  completed  the  Cleveland  division  of  its  lines  and  in  the 
last  quarter  of  the  year  1,830  barrels  were  sold,  and  during  the  first 
half  of  1916  the  monthly  production  averaged  more  than  1,000  bar- 
rels. This  increase  was  due  chiefly  to  the  completion  of  a  number  of 
oil  wells  in  the  district  between  Berea,  Linndale,  and  Brooklyn.  It 
is  probable  that  with  the  advent  of  facilities  for  handling  the  oil  the 
production  will  still  further  increase,  for  there  is  yet  promising 
territory  to  be  drilled. 

The  quantity  of  gas  produced  by  shallow  wells  from  the  Ohio  shale 
does  not  vary  greatly  from  year  to  year.  It  represents  only  a  small 
fraction  of  the  State's  production,  but,  as  is  indicated  by  the  large 
number  of  shallow  wells,  this  gas  is  widely  distributed  through  the 
county  and  constitutes  the  domestic  supply  in  many  homea 

DECLINE  OF  WELiLS. 
GENERAL  CONDITIONS. 

The  rapid  decline  of  individual  wells  in  the  more  closely  drilled 
districts  of  the  Cleveland  field  has  already  been  referred  to.  It  has 
long  been  realized  by  those  familiar  with  the  gas  industry  that  a 
closely  drilled  field  is  short  lived,  but  the  widespread  ignorance  of 
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this  principle  among  the  people  at  large  is  only  too  clearly  ehown  by 
the  uneconomic  manner  in  which  much  of  the  Cleyeland  field  has 
been  developed.  The  number  of  gas  wells  per  square  mile  that  may 
profitably  be  drilled  depends  largely  on  the  thickness  and  porosity 
of  the  sandy  on  the  original  rock  pressure,  and  on  the  prevailing  price 
of  gas,  and  is  therefore  different  in  different  fields;  but  in  every  field 
there  is  a  limit,  and  this  limit  is  smaller  than  is  commonly  supposed. 
The  first  wells  drilled  in  a  small  pool  are  generally  very  profitable, 
but  the  profit  decreases  rapidly  as  the  number  of  wells  increases,  and 
the  last  wells  drilled  may  not  produce  enough  gas  to  pay  for  them- 
selves. 

Although  the  Cleveland  field  is  a  conspicuous  example  of  wasteful 
development,  it  is  probable  that  many  other  eastern  gas  fields  contain 
a  larger  number  of  wells  than  is  necessary  or  profitable.  The  failure 
to  realize  the  economic  loss  entailed  by  overdrilling  may  be  due  to 
the  fact  that  exact  figures  showing  the  decline  of  gas  wells  have  sel- 
dom been  published,  though  generalized  statements  are  common. 
The  figures  given  below  are  regrettably  incomplete,  but  they  serve  at 
least  to  show  the  general  trend  of  decline  and  to  give  a  rough  quan- 
titative expression  to  certain  principles  whose  significance  may  not 
be  fully  appreciated  by  many  operators.  They  are  given,  not  with 
the  idea  that  they  can  be  directly  applied  in  other  fields,  but  in  the 
hope  that  they  will  arouse  the  interest  of  operators  and  stimulate  the 
general  tendency  toward  the  recording  of  more  complete  and  more 
accurate  data.  It  is  believed  that  if  fairly  complete  records  of  the 
decline  of  wells  in  various  fields  were  available  for  careful  analysis, 
it  might  be  possible  to  draw  standard  curves  that  would  prove  valua- 
ble guides  in  the  development  of  new  fields. 

The  principal  geologic  factors  controlling  the  production  and 
life  of  a  well,  as  already  shown,  are  the  position  of  the  well  with 
reference  to  the  structure,  the  porosity  of  the  sand,  the  thickness  of 
the  sand,  the  pressure,  and  the  presence  or  absence  of  water.  Other 
important  factors  are  the  amount  of  water  that  may  penetrate  to 
the  sand  from  above,  which  depends  chiefly  on  the  manner  in  which 
the  casing  is  set;  the  question  whether  or  not  the  sand  has  been 
shot ;  the  care  taken  of  the  well  after  it  has  begun  to  produce ;  and 
the  number  of  days  per  month  it  produces.  Because  of  irariation 
in  these  and  other  factors  the  history  of  each  well  is  peculiar,  and 
no  one  well  can  safely  be  selected  as  entirely  representative  of  all 
the  wells  in  even  a  small  pool.  In  the  Cleveland  field,  however, 
there  are  many  small  groups  of  wells  in  which  the  geologic  condi- 
tions are  essentially  uniform ;  and  as  most  of  the  wells  were  drilled 
and  finished  by  standardized  methods  and  were  then  taken  over  by 
one  distributing  company  and  operated  under  practically  the  same 
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conditions,  the  variation  in  the  technologic  factors  is  probably  as 
small  as  can  be  expected. 

PBESST7BE  AND  FLOW. 

In  measuring  the  capacity  of  gas  wells  two  factors  are  commonly 
determined — the  rock  pressure  and  the  open  flow.  The  term  "rock 
pressure''  is  used  to  designate  the  pressure  imder  which  the  gas 
occurs  in  the  sand.  It  is  determined  in  pounds  per  square  inch  by 
means  of  a  gage  attached  to  the  well  and  read  when  the  pressure 
has  attained  a  maximum  after  the  well  has  been  closed  for  24  hours 
or  longer.  The  open  flow  of  the  well  is  the  volume  of  gas  delivered 
against  atmospheric  pressure  in  a  given  length  of  time,  usually  24 
hours.  It  is  determined  by  allowing  the  well  to  flow  freely  for 
several  hours  and  measuring  the  "  open-flow  "  pressure  or  velocity 
of  the  gas,  from  which  the  volume  may  be  computed. 

The  volume  of  gas  delivered  by  a  well  under  a  given  open-flow 
pressure  depends  partly  on  the  size  of  the  bottom  of  the  well  and 
the  diameter  of  the  casing  and  partly  on  the  porosity  and  the  thick- 
ness of  the  sand.  It  is  evident  that  the  larger  the  cavity  at  the 
foot  of  the  well  and  the  larger  the  casing  the  greater  will  be  the 
flow;  and,  according  to  the  same  principle,  if  the  sand  at  the  foot 
of  the  well  is  open  and  has  a  high  porosity  a  greater  volume  of  gas 
can  pass  through  it  in  a  given  time  than  if  it  were  tight  or  shaly. 
As  the  size  of  the  casing  is  the  same  in  practically  all  the  wells  in 
this  field,  much  of  the  difference  in  the  flow  of  neighboring  wells 
may  be  ascribed  to  difference  in  the  porosity  of  the  sand  from  which 
they  dr^w  their  supplies.  The  rock  pressure,  on  the  other  hand,  is 
not  affected  by  minor  variations  in  the  porosity  of  the  sand,  and 
the  whole  body  of  gas  in  a  pool  of  moderate  size  is  theoretically 
under  about  the  same  rock  pressure.  If  two  neighboring  wells,  one 
producing  a  large  volume  of  gas  and  the  other  a  small  volume,  are 
closed,  the  rock  pressure  registered  by  both  will  be  about  the  same, 
but  the  large  well  will  register  this  pressure  almost  immediately, 
whereas  the  small  one  may  remain  closed  for  some  time  before  its 
pressure  reaches  the  same  figure.  A  high  rock  pressure,  therefore, 
does  not  necessarily  entail  a  high  flow,  and  several  wells  in  the  Cleve- 
land field  that  repstered  a  rock  pressure  of  over  600  pounds  had 
an  open  flow  of  less  than  300,000  cubic  feet.  On  the  other  hand, 
a  high  flow  is  usually  accompanied  by  a  high  rock  pressure,  and 
the  flow  and  pressure  decline  at  about  the  same  rate.  The  flow  of  a 
well  is  greatly  influenced  by  local  conditions,  such  as  the  porosity 
of  the  sand,  but  the  rock  pressure  is  a  more  uniform  feature,  and  its 
decline  in  a  small  pool  is  therefore  a  convenient  and  accurate  index 
of  the  stage  of  exhaustion  of  the  reservoir. 
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BSCLIKE  OF  BOCK  PBBSSUBE 

QEN£RAL  FACTORS. 

The  initial  rock  pressure  of  the  earlier  wells  in  the  Cleveland  field 
ranged  between  800  and  1,100  pounds  per  square  inch.  Since  these 
wells  were  drilled  their  .rock  pressures  have  declined  steadily  and  the 
initial  pressure  of  wells  drilled  later  has  been  correspondingly  lower. 
As  the  Cleveland  field  is  made  up  of  a  number  of  small  pools  sepa- 
rated by  areas  in  which  the  sand  is  dry  and  apparently  impervious 
to  gas,  the  rate  of  decline  of  the  rock  pressure,  which  depends  on  the 
rate  at  which  gas  is  removed  from  the  sand,  is  different  in  different 
parts  of  the  field.  There  are  still  areas  in  which  new  wells  would 
show  a  pressure  of  more  than  800  pounds,  but  in  some  of  the  older 
and  more  closely  drilled  tracts  the  initial  pressures- had  fallen  as  low 
as  175  pounds  within  eight  months  after  the  first  well  was  drilled. 

The  initial  rock  pressures  of  over  two-thirds  of  the  wells  in  the 
field  have  been  determined  by  the  East  Ohio  Gas  Co.  It  has  been 
found  that  if  a  small  unified  area  is  considered  the  initial  pressure  of 
each  successive  well  drilled  is,  in  general,  lower  than  that  of  the  last, 
showing  that  the  pressure  of  the  whole  body  of  gas  within  the  area 
is  practically  equalized  and  declining  at  a  fairly  uniform  rate.  If 
all  the  wells  in  a  larger  area  are  considered,  however,  the  decline  is 
much  less  regular,  for  the  gas  is  removed  at  different  rates  in  differ- 
ent districts,  and  variations  in  the  porosity  of  the  sand  retard  or  pre- 
vent equalization  of  the  pressure.  The  writer  has  therefore  selected 
several  small  but  representative  groups  of  wells  and  has  plotted  their 
initial  pressures  in  order  to  show  the  general  decline  of  the  whole 
field.  Unfortunately  records  of  the  decline  of  the  pressure  during 
the  life  of  individual  wells  are  available  for  only  a  few  wells,  but  it 
is  believed  that  the  curve  showing  the  decline  of  initial  pressures  of 
all  wells  within  a  small  group  is  essentially  the  same  as  one  that 
would  show  the  decline  during  the  life  of  a  single  well.  The  initial 
pressure  of  a  new  well  is  generally  somewhat  higher  than  the  pres- 
sures of  neighboring  wells  on  the  same  date,  but  in  this  field  the 
difference  is  seldom  large. 

ROGKFORT  GROUP. 

A  group  of  12  wells  at  the  east  end  of  the  Bockport  pool,  shown 
in  figure  2,  has  been  selected  to  show  the  rate  of  pressure  decline  in 
the  less  thickly  drilled  part  of  the  field.  The  12  wells  are  within 
an  area  of  about  80  acres,  but  their  drainage  area  is  somewhat 
greater.  In  the  western  part  of  the  Sockport  pool  and  in  the  Brook 
Park  pool  the  wells  are  spaced  farther  apart,  but  data  regarding 
rock  pressures  in  these  areas  are  not  available. 
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The  accompanying  table  shows  the  date  on  which  each  well  in  the 
group  was  brought  in  and  the  pressure  and  flow  of  the  well  on  that 
date.    The  original  pressure  in  the  area  was  evidently  1,050  pounds, 


^ 


-f Dry  hole 

iMile 


FiGUBi  2. — ^Map  of  east  end  of  Bockport  pool,  Cleyeland,  Qhlo.  The  initial  lock  preesnres 
of  wellB  in  the  area  inclosed  by  the  line  (referred  to  aa  the  Bockport  groop)  are  shown 
in  flgore  8. 

but  in  six  months  it  had  declined  to  775  pounds,  the  initial  pressure  of 
each  successive  well,  with  two  exceptions,  being  lower  than  that  of 
the  preceding  well.  Measurements  of  the  pressure  of'  four  of  the 
wells  on  August  15,  1915,  show  that  the  decline  continued  at  about 
the  same  rate,  even  though  only  two  wells  (Noe.  82  and  33)  were 
brought  in  after  the  pressure  had  dropped  to  775  pounds.  These  data 
are  shown  graphically  in  figure  3. 

Rock  pressure  and  open  fioto  of  iceUs  in  Rockport  group,  between  Rocky  River 

and  Center  Ridge  Road. 


No.  of 

well  en 

map 

(flTS). 

Date 
brought 

Initial 

rock 

prossnn. 

Pomndt,  ~ 
1,060 
1,000+ 

OSO 
806 
860 
925 
840 
800 
860 
860 
776 

Initial  open 
flow. 

Rock 
pressure 
AofT.lfi^ 

1916. 

21 

22 

23 

24 

25 

26 

27 

28 

29 

80 

81 

82 

33 

1914. 
Nov.  28 
Dec    8 

1915. 
Jan.  26 
Jan.  80 
Feb.  12 
Feb.  16 
ICar.  20 
Apr.    7 
Apr.    8 
Apr.  20 
May  18 
June    6 
Sept.   4 

CublefeeL 
7,366,000 
8,108,000 

6^000,000 
7,033,000 
Ol/.SOO 
6,600,200 
1,101,000 
8,674,600 
8,854,500 
8,861,000 
4,017,000 
.    4,380,000 
2,193,000 

Pounig, 
605 

545 

iio 

540 

It  will  be  noted  that  the  line  of  initial  pressures  is  remarkably 
regular,  except  in  two  places ;  the  pressures  of  wells  24,  25,  and  28 
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seem  to  be  abnormally  low  and  those  of  wells  29  and  30  unusually 
high.    The  low  pressures  of  wells  24  and  28  are  explained  by  the  fact 
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that  they  were  drilled  close  to  the  older  wells  21  and  23.    The  high 
pressures  of  wells  29  and  30  are  probably  due  to  the  fact  that  they 
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were  drilled  near  the  edge  of  the  group,  where  the  pressure  had  not 
yet  been  reduced  by  other  wells.  The  straight  lines  connecting  the 
initial  pressures  of  the  weUs  with  the  pressures  five  months  or  more 
later  have  about  the  same  slope  as  the  curve  of  initial  pressures,  indi- 
cating that  the  decline  of  individual  wells  is  essentially  coincident 
with  the  decline  of  the  whole  group. 

BROOKLYN  GROUP. 

A  more  j:apid  decline  of  rock  pressure  is  shown  by  a  group  of 
25  wells  in  an  area  of  about  86  acres  in  the  northern  part  of  the 
Brooklyn  pool  near  the  mouth  of  Big  Creek.  (See  fig.  4.)  This 
is  one  of  the  most  thickly  drilled  tracts  in  the  Cleveland  field,  and 
represents  the  extreme  of  uneconomic  development,  for  there  is  no 
reason  to  doubt  that  one  well  in  a  somewhat  longer  time  would  have 
removed  the  gas  as  completely  as  the  25  wells  drilled. 

The  accompanying  table  shows  the  dates  on  which  the  wells  were 
brought  in,  their  initial  pressure  and  flow,  and  for  some  the  dates 
on  which  they  were  abandoned.  As  the  first  three  wells  were  not 
gaged,  the  original  pressure  of  the  pool  is  not  known,  but  it  was 
probably  about  1,000  pounds.  The  first  nine  wells  reduced  the 
pressure  to  645  pounds  in  four  months,  however,  and  the  12  wells 
drilled  in  the  next  three  months  reduced  it  to  less  than  300  pounds. 
Many  of  the  wells  were  exhausted  within  six  months  and  the  flow  of 
the  remainder  was  reduced  to  a  fraction  of  its  original  volume. 

statistics  of  wells  in  Brooklyn  group. 


No.  of  veil 
oo  mftp 
(flg.4). 


1 
2 
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Mar.  15 
Mar.  28 
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7 ■    Apr.  17 

8 1    Apr.  20 
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July  7 
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Sept.  4 
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420 
515 
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flow. 
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....do 

Apr.  28,1014 


Jan. 
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Jan. 


4, 1915 
26^1915 
U,1916 
14,1915 
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Nov*. 

Nov. 


14, 1916 
i9,*i9i4' 


Oct.     1, 1914 


LifBOf 

well. 


Monlht. 
8 
7 
6 
0 


9 
13 
23 

9 


21 
"5' 
"4 


a  Decrease  in  flow  at  end  of  4  montba,  77  per  cent. 
^  Decrease  in  flow  at  end  of  2  months,  66  per  cent, 
e  On  June  22, 396  pounds, 
d  Deoease  in  flow  at  end  of  12  months,  81  per  oe&t. 
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The  decline  of  initial  pressures  in  the  Brooklyn  pool  is  shown  in 
figure  5.  As  a  number  of  wells  are  involved,  there  are  some  irregu- 
larities, and  the  curve  shown  is  therefore  a  sketched  average*  Most 
of  these  irregularities  are  explained  by  reference  to  the  map.    Well 


-)IK3as  well 


Drilling  well 


-^Dry  hole 


500 

..J 


1 


3~ 


2,000 
I 


3,000  FEET 


FioiTRi  4. — Map  of  northern  part  of  Brooklyn  pool,  Cleveland,  Ohio.  Statistics  of  wells 
^  area  within  circle  (referred  to  as  the  Brooklyn  group)  are  given  in  the  table  on 
P&ge  40  and  In  figure  5. 

1^5  for  example,  had  an  abnormally  high  pressure  because  of  its 
distance  from  the  wells  already  drilled,  whereas  the  low  pressure  of 
well  13  is  due  to  its  close  proximity  to  four  older  wella  It  will  be 
noted  that  the  period  of  greatest  decline  was  in  April,  May,  and 
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June,  when  meet  of  the  wells  were  drilled,  and  that  cessation  of 
drilling  for  a  few  weeks  in  July  and  August  tended  to  flatten  the 
curve.  The  reduction  in  pressure  for  the  five-montii  period  averaged 
9«5  pounds  per  month,  as  against  45  pounds  per  month  in  the  less 
closely  drilled  Rockport  pool. 


eoor 


Apr. 


Ma> 


June  July  Aug.         Sept. 

1914 

FiouRB  5. — Sketched  curve  showing  average  declliie  of  initial  rock  presanreB  of  wells  in 
Brooklyn  gronp»  Cleveland,  Ohio.    D5,  DIO,  etc.,  refer  to  wells  6,  10,  etc,  in  figure  4. 


WEST  PARK  GROUP. 


A  group  of  35  wells  drilled  near  Vinton  Row,  in  West  Park  Town- 
ship, furnishes  an  interesting  study  in  the  decline  of  rock  pressure. 
(See  fig.  6.)  Although  the  area  involved  is  only  about  70  acres, 
it  is  separated  into  two  districts  by  a  patch  of  barren  sand,  and  the 
initial  pressures  of  successive  wells  in  this  area  fall  naturally  into 
two  distinct  curves.  The  statistics  of  the  wells  are  given  in  the 
accompanying  table.  Wells  132  to  145  are  in  the  northern  productive 
district  and  wells  94  to  108  in  the  southern ;  wells  126  to  131  are  in 
the  practically  barren  area  between. 
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StatUtict  of  toeila  in  Wett  Park  group,  Vinton  Bote  and  Lorain  Aveniie. 
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Figure  7  shows  the  initial  rock  pressures  of  the  wells  in  the 
two  productive  districts.  The  pressure  in  the  northern  district  at 
the  time  drilling  started  was  probably  less  than  800  pounds;  the 
first  well  was  not  gaged,  but  the  second  and  third  wells,  which  came 
in  11  days  later,  had  pressures  of  625  and  560  pounds.  The  later 
wells  ^owed  steady  decrease  in  pressure,  that  of  weU  145,  brought  in 
eight  months  after  the  first  well,  being  only  165  pounds.  Four 
months  aft«r  the  first  well  was  finished  in  the  northern  district  well 
94  was  drilled  in  tlie  southern  area  and  showed  an  initial  pressure 
of  only  435  pounds.  The  low  pressure  of  this  first  well  is  difficult 
to  explain,  for  the  second  well  started  at  940  pounds,  and  the  next 
gaged  (the  Kith)  at  700  pounds.  Drilling  in  this  area  continued 
for  about  10  months  with  steadily  declining  pressures,  the  last  well 
starting  at  325  pounds. 
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The  pressures  of  all  the  wells  except  No.  94  fall  close  to  the  carves 
sketched  in  figure  7.  It  will  be  noted  that  these  curves  differ  some- 
what in  shape,  but  the  difference  is  largely  explained  by  inspection 
of  the  well  drilling  curves.  In  both  districts  the  period  of  greatest 
decline  coincided  with  the  period  in  which  the  largest  number  of 
wells  were  brought  in.  The  difference  in  shape  is  also  due  in  part 
to  the  fact  that  only  the  lower  portion  of  the  curve  for  the  southern 


^PVodudn^  gas  well 

9  \^  v^ 


•♦•Dry  hole 

1  Mile 


FxouBB  6. — Map  of  northeastern  i»art  of  West  Park  pool,  Clereland,  Ohio.  StatlsticB  of 
weUs  In  area  inclosed  by  line  (referred  to  as  the  West  Park  group)  are  given  in  the 
table  on  page  43  and  in  figure  7  and  Plate  II. 

district  is  shown,  for  the  pressure  in  this  district  had  already  been 
somewhat  reduced  by  older  wells  a  short  distance  to  the  northwest. 
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FxQUBX  7. — Sketched  curyes  showing  average  decline  in  Initial  rock  pressure  In  two  neigh- 
boring groups  of  wells  in  West  Park  pool,  Cleyeland,  Ohio.  B94,  BOS,  etc.»  refer  to 
wells  94,  95,  etc.,  in  figure  6. 

LAKEWOOD  GROUP. 

A  group  of  36  wells  in  the  eastern  part  of  the  Lakewood  pool 
furnishes  another  example  of  the  decline  of  initial  pressures.  (See 
fig.  8.)    These  wells  are  drilled  in  an  area  of  about  100  acres. 


Y  Gas  -wen  with  abowcf  oil       ^  Gas  well  -f  Dry  hole 

Wells  marked  N  in  Newbur^  sand 
o  V^  V^  v«  1  Mile 

r  ^ 

Fi«m  8^ — ^Hap  of  eastern  part  of  Ijakewood  pool,  Cleveland,  Ohio.  Statistica  of  wella 
in  area  Inclosed  bj  line  (referred  to  as  the  Lakewood  gronp)  are  given  in  the  table  on 
page  46  and  in  figures  9  and  11. 
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Statisdcs  of  the  wells  are  given  in  the  accompanying  table. 
etatiatict  of  toelU  in  Lakemood  group,  on  Clifton  Boulevard  eaat  of  KicKolaon 


No.orwaU« 
n>W(a«.8). 

lll^tlL 

"tT' 

InlUjl^opoi 

.N.StJ^^, 

u^ 

FMod. 

Ptrenit. 

Hi'. 

11 
Ri 

Oot.     S 

S|l| 

Oot  33 

11 

Dm.  si 

,r-. 

1 
1 

GU 

sn 

100 

HG 
730 

'£ 
1 

ISO 
330 

i 

siolooo 
sralooo 

I3&,000 

S,IM,000 
1,970,000 

m,m± 

JDmO*. 

'•^- 

00 

Fab.  ISIUIS 

1 

U 

Nw.  38,  WIS 

fSL  .JIM 

Ua;  IS,  IBIS 
Uar.  ia,lRlG 

■! 

1 

0 
1 

1 

Apr.  ialiBia 

10 

ms 

t 

i" 

« 

fc."!;lK 

s 

i 

Oct  i^ms 

gSglHl! 

Jan.    B,1>1B 

;s 

0 

10 
0 

0 

380 

ATaan,Tin 

si®!. 

MS 

sot± 

^srsa^:; 

.i,i»u.... 

The  decline  of  initial  pressure  is  shown  in  figure  9.  The  first  well 
had  an  initial  pressure  of  950  pounds,  and  lat«r  wells  showed  in- 
creasingly lower  pressures.  Four  wells  finiElied  six  months  later 
averaged  267  pounds,  but  of  the  last  seven  wells  drilled  two  were 
reported  as  dry  and  four  had  pressures  so  small  that  they  were  im- 
mediately abandoned.  Comparison  of  the  curves  showing  welt  drill- 
ing and  decline  in  pressure  indicates  plainly  that  the  period  of 
great«et  decline  was  that  in  which  the  largest  number  of  wdls  were 
brought  in. 

Despite  the  considerable  number  of  wells  involved  their  initial 
pressures  fall  close  to  the  average  shown  by  the  curve  sketched  in 
figure  9.  Wells  48,  62,  and  66  started  at  pressures  somewhat  above 
the  average,  which  is  explained  by  their  distance  ttosa  the  wells 
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prerioiisly  drilled.    The  abnonnally  low  pressure  of  well  89  is  pre- 
sumably due  to  the  fact  that  it  is  only  a  few  hundred  feet  from 


IniVial    rock    pressure,     pounds 
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an  earlier  well,  No.  36.  All  the  later  wells  except  Nos.  62  and  66  were 
drilled  cloee  to  wells  that  had  been  producing  for  some  montha^  and 
their  initial  pressures  and  flows  were  therefore  very  low. 
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BATE  OF  DECLINE  OF  FBE8SUBE  IN   RELATION   TO  AOEEIAGE. 

The  initial  pressures  of  several  other  groups  of  wells  have  been 
tabulated  by  the  writer,  but  a  detailed  presentation  of  the  results 
would  be  merely  repetition  of  the  figures  and  the  curves  already 
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FiomuD  10. — ^Diagram  showing  relation  of  rate  of  decline  of  rock  presanre  to  acreage  per 
weU  in  Cleyeland  field,  Ohio.  Points  represent  groups  of  wells  in  various  parts  of  field, 
as  foUows :  A,  Bockport  group,  12  wells ;  B,  West  Park  group,  29  wells  near  Vinton 
Bow ;  B',  32  wells  near  Lorain  Avenue  and  Bunts  Boad ;  C,  Lakewood  group,  32  wells 
east  of  Nicholson  Avenue ;  C,  11  wells  west  of  Nicholson  Avenue ;  D,  .Brooklyn  group, 
20  wells;  B,  18  wells  at  Puritas  Springs  and  Harrington  roads.  (Curve  shown  is 
sketched,  not  computed.) 

discussed.  Providing  the  area  involved  is  not  over  150  acres  and 
the  sand  is  productive  throughout,  the  initial  pressures  decline  on 
a  fairly  regular  curve,  which  is  believed  to  be  essentially  similar 
to  and  only  slightly  higher  than  the  curve  for  decline  in  pressure 
during  the  life  of  individual  wells. 
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That  the  rate  of  decline  in  pressure  depends  on  the  rate  at  which 
the  gas  is  removed  is  shown  by  the  fact  that  in  each  area  the 
period  of  greatest  decline  was  that  m  which  the  largest  number  of 
wells  were  brought  m.  As  the  rate  at  which  gas  is  removed  depends 
in  a  broad  sense  on  the  number  of  wells  per  unit  area,  the  average 
rate  of  decline  in  pressure  would  be  expected  to  vary  with  the 
acreage  per  welL  Accordingly  in  each  of  the  groups  studied  the 
difference  between  the  initial  pressures  of  the  first  and  last  wells 
was  divided  by  the  number  of  months  in  order  to  arrive  at  the 
average  decrease  in  pressure  per  month.  These  figures,  with  the 
acreage  per  well  in  each  group,  are  plotted  in  figure  10. 

The  points  plotted  in  this  figure  indicate  a  distinct  relation 
between  the  rate  of  decline  in  pressure  and  the  acreage  per  well. 
Some  irregularities  are  to  be  expected,  for  the  minor  factors  influ- 
encing the  rate  of  decline  in  pressure  are  very  complex  and  include 
the  relations  of  the  group  to  neighboring  wells,  the  capacities  of  the 
weUs  represented,  and  the  relation  of  the  period  of  greatest  drilling 
to  the  whole  period  considered.  These  subordinate  factors  are 
minimized,  however,  by  the  fact  that  seven  groups  in  different 
parts  of  the  field,  comprising  in  all  159  wells,  are  represented. 
There  is  therefore  no  question  as  to  the  general  correctness  of  the 
relations  shown,  and  it  may  confidently  be  asserted  that  if  the 
Lakewood  group  had  consisted  of  only  15  or  18  wells  instead  of  36 
the  pressure  would  have  declined  only  about  half  as  rapidly. 

It  is  unfortunate  that  data  are  not  available  to  show  the  rate  of 
decline  in  pressure  with  an  area  of  40  acres  or  more  to  the  well,  for 
the  figures  of  acreage  used  ar6  lower  than  those  in  most  gas  fields, 
and  as  the  curve  can  not  be  extrapolated  without  more  data  it  can 
not  be  directly  applied  in  many  other  area&  It  is  evident  that  the 
curve  for  higher  acreages  would  be  much  steeper  and  that  a  small 
difference  in  acreage  would  have  less  effect  on  the  rate  of  decline  in 
pressure.  It  is  also  probable  that  many  minor  factors  would  become 
more  prominent  and  introduce  more  irregularities,  though  the  same 
general  relation  would  undoubtedly  hold. 

BELATIOK  OF  KOCS  PBESSUBE  TO  XliOW. 

OPEN  FLOW. 

The  decline  of  initial  rock  pressure  has  been  discussed  in  some  de- 
tail because  the  data  are  fairly  complete.  Its  relation  to  the  decline 
in  flow  is  of  more  direct  economic  interest.  It  has  already  been 
pointed  out  that  the  volume  of  flow  is  greatly  influenced  by  the 
porosity  of  the  sand ;  where  the  sand  is  tight  a  well  yielding  a  very 
Rmall  flow  may  register  a  high  pressure.  On  the  other  hand,  how- 
ever, a  large  flow  is  usually  associated  with  a  high  pressure.  If  the 
gas  were  contained  in  a  tank  or  reservoir,  or  if  the  sand  were  entirely 
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uniform  in  porosity,  there  would  be  a  direct  and  definite  relation  be- 
tween pressure  and  flow*    As  a  matter  of  fact,  if  the  sand  has  a 
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fairly  uniform  porosity  under  a  given  area  and  if  a  number  of 
wells  sufficiently  large  to  eliminate  the  minor  variations  are  con- 
sidered, it  is  found  that  there  is  a  definite  average  relation  between 
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preasare  and  Sow,  from  which,  however,  individual  wells  may  show 
wide  variation. 

In  order  to  show  the  relation  between  pressure  and  flow  the  29 
wells  in  the  Lakewood  group  have  been  selected,  because  these  wells 
are  believed  to  be  typical  and  because  the  data  concerning  them  are 
more  nearly  ccanplete  than  those  concerning  other  groups.  The 
initial  rock  pressure  and  initial  open  flow  of  these  wells  are  given 
on  page  46  and  are  plotted  in  figure  11.  It  will  be  noted  that  the 
pressure  and  flow  are  roughly  proportional  and  that  the  curve  shown 
is  a  straight  line. 

C.  £.  Van  Orstrand,  who  computed  the  curve,  discusses  methods  of 
representing  the  relations  of  flow  and  pressure  as  follows: 

The  followloK  empirical  formulas  have  been  used  to  represeat  the  relation 
between  discharge  and  rock  pressure: 

(1)  t>-O.Oi  (U.6) 

(2)  D-0.0  (P-Pe)i (H.») 

(3)  f-O.O  (U.5) 

(4)  11-0.0  •(P-Po)' {U.5) 

<5)  t>-0.0  (P-Po)! (16.2) 

la  tbese  equations  v=volume  of  gas  discharged  Id  24  hours,  p^rock  preaanre 
la  pounds,  p>— 14.6  pounds. 

The  numbers  In  parentheses  at  the  rlftht  are  the  sums  of  the  squares  of  the 
differences  between  the  observed  and  computed  values  of  v.  On  appljing  the 
Qsual  least-square  criterion  that  this  sum  must  be  a  mlnimom.  It  appears  that 
there  la  practically  no  choice  between  the  first  four  equations. 

The  first  equation  Is  a  simplified  form  of  the  theoretical  equation  used  by 
Boblnson  *  to  express  the  volume  of  discharge  (t>)  as  a  function  of  the  Internal 
Eas  pressure  (p)  and  the  external  pressure  (;>b)  of  the  atmosphere  into  which 
the  gas  la  discharged.  The  exponent  (n)  of  the  theoretical  equation  has  been 
retained,  but  tbe  remaining  theoretical  constants  have  been  replaced  bf  a  single 
emplrtcal  constant.  If  we  designate  by  r  the  ratio  of  specific  heats  at  con- 
stant temperature  and  volume,  we  have  the  theoretical  relation 


whereas  our  first  eqnatlon  gives 

n=2.0+        T=2.0— 
No  particular  significance  Is  attached  to  these  results,  but  It  Is  of  Importance 
to  know  that  there  Is  no  evidence  of  disagreement  between  theory  and  the  ob- 
served values. 

The  second  equation  contains  two  terms  only  of  Robinson's  expansion  In  Infinite 
series  of  the  theoretical  equation.  The  remaining  equations  are  simply  Inter- 
polatlon  formulas  selected  chiefly  for  the  convenience  of  Investigators  who  may 
desire  to  determine  analytical  expressions  for  the  representation  of  similar 
data, 

'  BoMntcii,  B.  W.,  MeainRment  of  gai  wetla  ind  otber  atreain*  and  tbe  piping  at  natural 
("-  Ohio  Oeol.  Butr»f  Rept.,  voL  8,  pp.  S4S-flM,  1S8B.  Fot  Uie  tli«or7  «f  efflux  of 
nMt,  te«  lABb's  HrdiodTnaialGi,  p.  33,  Cunbridm  Univenttr  Pmi,  1906. 
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Figure  11,  in  connection  with  the  foregoing  discussion,  shows 
clearly  that,  as  would  be  expected,  there  is  a  definite  relation  between 
the  initial  rock  pressure  and  the  initial  open  flow  of  the  average  well. 
In  applying  any  of  the  formulas  to  wells  in  other  areas  it  will,  of 
course,  be  necessary  to  alter  the  empirical  constants,  for  in  some 
fields  an  initial  pressure  of  1,000  pounds  is  associated  with  a  flow  sev- 
eral times  greater  than  in  the  Lakewood  pool.  In  other  words,  the 
position  of  the  curve  varies  according  to  the  locality ;  its  form,  how- 
ever, should  not  vary  greatly,  and  that  shown  in  figure  11  is  typical. 

The  important  practical  consideration  is  that  the  later  wells  in  a 
pool,  having  lower  initial  pressures  than  the  earlier  wells,  are  likely 
to  have  smaller  flows.  The  rate  of  decline  in  pressure  and  the  rela- 
tion between  pressure  and  flow  are  by  no  means  invariable,  but  in  a 
small  pool  they  may  be  determined  closely  enough  to  permit  a  calcu- 
lation, according  to  the  theory  of  probability,  of  the  flow  and  pres- 
sure of  a  well  brought  in  on  any  date.  For  example,  when  the  rock 
pressure  in  the  Lakewood  pool  had  declined  to  215  pounds,  in  Novem- 
ber, 1914,  the  chances  were  about  60  in  100  that  the  open  flow  of  a 
new  well  would  be  less  than  1,500,000  cubic  feet  and  only  1  in  100 
that  it  would  exceed  2,750,000  cubic  feet  The  derivation  of  these 
figures  and  the  application  of  the  theory  of  probability  to  new  wells 
are  discussed  in  more  detail  on  pages  61-64. 

The  equations  given  above  indicate  further  that  the  decline  in 
pressure  during  the  life  of  the  wells  was  about  proportional  to  the 
decline  in  flow.  According  to  Boyle's  law,  if  the  volume  of  gas  re- 
mains constant  the  quantity  must  decrease  about  as  the  pressure 
decreases,  and  the  rate  of  decline  in  pressure  is  therefore  a  rather 
accurate  index  of  the  amount  of  gas  remaining  in  the  sand.  This 
conclusion,  of  course,  is  based  on  the  assumption  that  water  or  oU 
does  not  follow  up  the  gas  and  thus  maintain  the  pressure,  a  condi- 
tion which  does  not  seem  to  exist  in  the  Cleveland  field. 

FLOW  AGAINST  UNE  PRESSURE   (FRODUCTIOK)* 

Although  the  rock  pressure  and  open  flow  of  a  well  are  generally 
accepted  as  the  indexes  of  its  capacity,  the  quantity  of  gas  that  it  de- 
livers into  the  pipe  line  is  of  course  the  direct  measure  of  its  value. 
In  eastern  gas  fields  it  is  customary  to  maintain  in  the  pipe  line  a 
pressure  of  16  to  150  pounds,  and  this  pressure  must  be  overcome  by 
the  gas  that  enters  the  pipe  line  from  the  well.  The  effective  pres- 
sure of  the  well  is  thus  its  rock  pressure  minus  the  line  pressure,  and 
as  the  volume  of  flow  depends  partly  on  the  pressure  the  delivery 
into  the  line  is  probably  always  smaller  than  the  open  flow,  which 
overcomes  only  the  atmospheric  pressure  of  15  pounds.  This  is 
shown  by  the  following  data  of  well  74  in  the  Lakewood  pool  (fig.  8) : 

Open  flow,  2»023,e40  coble  feet ;  rock  pressure,  720  pounds. 
Delivery  Into  line,  1>077,661  cable  feet ;  line  pressure,  147  pounds. 
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The  open  flow  of  2,623,640  cubic  feet  was  made  with  sn  effective 
pressure  of  706  (720  minus  15)  pounds,  whereas  the  delivery  of 
1,977,651  cubic  feet,  which  is  75.4  per  cent  of  the  open  flow,  was 
made  with  an  effective  preesure  of  573  (720  minus  147)  pounds.  It 
is  evident  that  when  the  pressure  in  this  well  had  declined  to 
147  pounds,  if  the  line  pressure  remained  constant  the  flow  from 
the  well  into  the  line  would  cease,  though  a  considerable  open  flow 
would  still  be  available.  Hence,  the  lower  the  rock  pressure  in  a 
well  the  smaller  is  the  proportion  of  the  open  flow  delivered  into 
the  line. 

Data  showing  the  exact  ratio  between  open  flow  and  flow  into  the 
line  are  unfortunately  not  available  for  other  wells,  but  some  idea 
of  the  relation  may  be  obtained  by  comparing  the  initial  open  flow 
with  the  average  daily  delivery  for  the  first  30  days.  This  compari- 
son of  course  introduces  another  factor  of  indeterminate  value — the 
dedine  of  flow  during  the  30  days — and  the  comparison  is  therefore 
really  between  the  open  flow  on  the  first  day  and  the  flow  into  the  line 
on  the  fifteenth  day.  As  the  rate  of  decline  is  variable,  the  figures 
obtained  in  this  way  have  little  quantitative  value,  but  they  are  of 
practical  interest  as  showing  that  few  wells  deliver  daily  during 
the  first  month  more  than  half  their  initial  open  flow.  The  accom- 
panying table  gives  the  records  of  as  many  wells  in  the  West  Pai^ 
and  Lakewood  groups  as  are  available. 

Percentage  of  (nfllol  open  floto  delivered  againtt  tine  pressure  under  different 
rock  presauret. 


Ho.otw«ll 

bItM 

"^ 

Plg-fl. 

Flg.8. 

«6 
■■"» 

'a 
1 

IM 

ii 

.si 

1 

00 
00 

i 

OD 
00 

no 

!8 

00 

00 
00 

oo 

00 

'"■as 

73) 

ea 

Ml 

i 

a 
i 

aos 

s 

xao 

■phcrtopi 


Ag»lnW  lln*  ptfUf «  (  MO  to  110  pauDdi). 


54  CONTBIBUTIOKS  TO  EOOKOMIG  GEOLOGY,  1917,  PABT  H. 

In  figure  12  the  percentage  figures  given  in  the  fourth  oolumn 
of  this  table  'are  plotted  with  the  initial  rock  pressure;  and  it  will 
be  noted  that  there  is  a  distinct  relaticm  between  the  two.  When 
the  rock  pressures  are  high  there  is  apparently  little  variation  in 


•OO 

I 

' 

• 

800 

• 

"c700 

3 

8. 

\ 

• 

« 

\ 

\. 

m 

t 

•  eoo 

2l 

\ 

• 

• 
• 

\ 

• 

u 

V    . 

O  900 

\ 

- 

\ 

'•     • 

^  AAA) 

4 

• 

•\ 

t  ^OO 

\ 

300 

•\ 

\ 

^^    • 

200 

«AA 

• 

•         ^v^ 

• 

60 


70 


60 


SO 


40 


30 


20 


10 


Ker  cont>. of  initial  open  flow    delivered   daily   during. 'First  nnonfch 

(against  line  pressure  of  i40-'IS0  pounds) 

FiODRB  12. — Sketched  carve  showing  decrease  In  percentage  of  open  flow  deliyered  Into 
pipe  line  (against  pressure  of  140  to  150  pounds)  with  decreasing  rock  pressure,  Cleye- 
land  field,  Ohio.  The  percentage  figures  were  obtained  bj'  dividing  the  average  dally 
delivery  during  the  first  month  by  the  Initial  open  flow  and  therefore  take  Into  account 
the  normal  decline  of  the  well  during  the  first  16  days.  (See  table,  p.  68,  and  text) 
They  are  10  to  25  per  cent  lower  than  flgnres  representing  open  flow  and  delivery  on 
the  same  day,  but  they  show  plainly  that  the  discrepancy  between  open  flow  and  actual 
delivery  is  especially  large  In  wells  having  low  rock  pressure. 

the  delivery,  but  as  the  rock  pressure  declines  the  delivery  drops 
off  sharply.  In  other  words,  wells  brought  in  after  the  rock  pres- 
sure has  declined  to  300  pounds  or  so' not  only  are  likely  to  have 
small  open  flows  but  they  can  not  deliver  as  large  a  percentage 
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of  their  open  flow  as  the  earlier  high-pressure  wells  can.  This 
consideration  reduces  still  further  the  probable  financial  returns 
from  the  average  late  well. 

DECLINE  OF  PBODUCTION. 
WEST  PARK   GROUP. 

As  the  volume  of  open  flow  depends  chiefly  on  the  rock  pressure, 
a  general  idea  of  the  decline  in  the  flow  of  wells  in  various  parts  of 
the  field  may  be  obtained  from  the  records  of  decline  in  pressure 
already  given.  These  figures  can  not  be  translated  directly  into 
statistics  of  production,  however,  because  with  a  constant  line  pres- 
sure the  quantity  of  gas  delivered  by  the  well  decreases  faster  than 
the  rock  pressure  or  the  open  flow. 

Though  detailed  records  of  the  decline  of  individual  wells  are 
not  available,  measurements  of  the  total  decline  in  a  given  period 
have  been  determined  for  a  number  of  wells.  These  figures,  ex- 
pressed as  percentages,  are  given  in  the  columns  headed  ^^  Deprecia- 
tion '^  in  the  foregoing  tables.  As  records  of  the  decline  of  all  the 
wells  in  the  southern  district  of  the  West  Park  group  are  available 
the  decline  in  that  group  may  be  considered  in  detail.  (See  table, 
p.  43.) 

In  Plate  II  the  average  daily  delivery  of  each  well  during  its 
first  month  and  during  July,  1915,  are  plotted,  and  the  two  points 
thus  obtained  for  each  well  are  connected  by  a  straight  line.  The 
line  represents  the  total  decline  of  the  well  for  the  period  involved, 
and  is  therefore  a  summary  of  the  detailed  decline  curve.  The 
curve  showing  by  months  the  total  production  of  the  group  was 
then  constructed  by  adding  the  average  daily  delivery  of  each  well. 
A  curve  showing  the  number  of  wells  producing  each  mcmth  is  also 
given  at  the  top  of  the  diagram. 

The  most  striking  feature  shown  by  the  diagram  is  the  general 
uniformity  in  the  rate  of  decline  of  individual  wells.  Two  of  the 
earliest  wells  brought  in  were  small  and  soon  became  exhausted, 
but  the  remaining  wells  drilled  in  1914  started  with  fairly  large 
flows.  With  one  exception  all  of  the  wells  brought  in  during  1915 
were  moderate  or  small,  but  as  they  declined  at  about  the  same  rate 
as  the  earlier  ones  the  daily  production  of  all  wells  on  July  81  ap- 
pi*oximated  the  same  figure.  In  other  words,  the  earlier  wells  in 
the  group  obtained  the  ^^  flush  "  production ;  the  later  wells,  starting 
with  smaller  flows  and  declining  at  the  same  rate,  were  about  as 
nearly  exhausted  on  July  31  as  the  wells  that  had  been  producing 
considerably  longer.  The  writer  has  no  exact  information  as  to 
the  rate  of  decline  after  July  31,  but  it  is  well  known  that  the  rate 
decreases  toward  the  end  of  the  life  of  the  wells  and  that  a  small 
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production  may  be  maintained  for  many  months.  Thus  well  104, 
whieh  had  declined  95  per  cent  by  July  31, 1915,  was  not  abandoned 
until  March  14,  1916,  and  well  105,  which  had  declined  80  per  cent 
by  July  31, 1915,  continued  to  produce  a  little  until  January  24, 1916. 

Although  most  of  the  wells  whose  decline  is  shown  in  Plate  II 
declined  at  a  fairly  uniform  rate,  a  few  departed  rather  widely  from 
the  average.  These  variations  are  doubtless  due  diiefly  to  differ- 
ences in  the  percentage  of  time  that  the  wells  were  producing.  This 
factor  is  particularly  important  with  respect  to  gas  wells,  because 
it  varies  greatly  with  the  season,  the  demand  for  gas  being  much 
greater  during  the  winter.  Many  wells  in  the  Cleveland  field  that 
produce  practically  100  per  cent  of  the  time  during  the  winter 
are  closed  more  than  50  per  cent  of  the  time  during  the  summer, 
and  as  the  life  of  a  gas  well  is  generally  short  compared  with  that 
of  an  oil  well  this  seasonal  fluctuation  has  a  correspondingly  greater 
effect  on  the  curve  of  decline  in  production.  In  compiling  Plate  II 
the  producti(m  of  the  wells  was  divided  by  the  X)ercentage  of  time 
that  they  produced  in  order  to  obtain  comparable  figures  represent- 
ing as  closely  as  possible  their  maximum  capacity.  Although  this  is 
the  simplest  method  of  standardizing  the  figures  it  is  not  wholly 
satisfactory  in  representing  the  decline,  for  a  well  producing  only  10 
per  cent  of  the  time  would  decline  more  slowly  than  one  producing 
continuously.  Most  of  the  wells  represented  in  the  diagram  were 
brought  in  before  or  during  the  winter,  and  were  therefore  operated 
almost  continuously  for  some  time,  but  wells  107  and  108  did  not 
begin  to  produce  until  spring.  Well  107  was  allowed  to  flow  only 
88  per  cent  of  the  time  during  the  first  month  and  only  14  per  cent 
during  July,  and  its  decline  curve  is  therefore  much  flatter  than  that 
of  any  earlier  well. 

The  aggregate  production  of  the  whole  group  attained  its  maxi- 
mum on  February  1,  and  it  is  interesting  to  note  that  the  added  pro- 
duction of  the  four  wells  completed  after  that  date  did  not  suffice 
to  prevent  a  steady  and  rapid  decline  in  the  production  of  the  group. 
As  the  number  of  wells  per  miit  area  has  much  to  do  with  the  rate 
of  decline  in  pressure  and  therefore  with  the  rate  of  decline  in  pro- 
duction, it  is  evident  that  if  the  four  last  wells  had  not  been  drilled 
the  production  of  the  earlier  wells  would  not  have  declined  so  rapidly. 
With  one  possible  exception  none  of  the  four  last  wells  product 
enou^  gas  to  pay  for  itself;  these  wells  served  merely  to  shorten 
the  life  of  the  earlier  ones.  As  a  matter  of  fact  the  records  of  de- 
cline in  pressure  given  in  figure  10  indicate  that  one  or  two  wells 
would  have  been  able  in  two  or  three  years  to  drain  all  the  gas  from 
the  area  under  consideration,  and  that  the  remaining  13  were  there- 
fore unnecessary;  but  Plate  II  shows  clearly  the  loss  entailed  by 
rilling  at  least  the  last  four. 
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AYERAGB  DECLINE  OF  WELLS  IN  THE  CLEVELAND  FIELD. 


In  order  to  obtain  a  more  representative  and  detailed  curve  of  the 
decline  in  production  the  records  of  over  350  wells  have  been  com- 
piled as  a  basis  for  the  ccHnposite  curve  shown  in  figure  13.  These 
wells  include  more  than  three-fourths  of  all  those  that  produced 
gas  prior  to  July  1,  1915,  but  it  should  be  noted  that  most  of  them 
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FiGCBB  13. — Diagram  showing  average  decline  in  production  of  oyer  850  wells,  in  the 
Cleveland  fleld,  Ohio  (mostly  in  the  Lakewood  and  West  Park  pools).  Points  represent 
average  decline  of  different  groups  of  wells  for  difTerent  periods;  sketched  curve  may 
•be  considered  a  generalized  representation  of  the  decline  of  the  average  well. 

are  in  the  thickly  drilled  Lakewood  and  West  Park  districts, 
where  the' decline  is  undoubtedly  more  rapid  than  in  the  recently 
developed  territory  to  the  south.  The  figures  on  which  this  curve 
are  based  are  of  the  same  kind  as  those  just  considered,  and  represent 
a  comparison  of  the  first  month's  production  of  each  well  with  its 
production  during  July,  1915,  the  latter  being  expressed  as  a  per- 
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centage  of  the  former.  In  this  way  the  average  decline  of  a  number 
of  wells  during  a  period  of  two  months,  of  a  number  of  others  dur- 
ing a  period  of  three  months,  and  so  on,  were  obtained.  Wells  that 
had  been  abandoned  before  July  81  were  also  included;  the  decline 
of  a  well  abandoned  at  the  end  of  three  months,  for  example,  was 
taken  as  100  per  cent  and  averaged  in  with  those  of  the  wells  that 
started  to  produce  three  months  prior  to  July  31.  The  following 
table  shows  the  average  decline  at  the  end  of  each  month  from  the 
2d  to  the  20th  and  also  the  approximate  number  of  wells  entering 
into  each  average : 

Decline  in  production  of  tcell8  in  Cleveland  field. 
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a  In  general  one  measuring  station  represents  one  well,  but  a  few  stations  include  the  gas  fh>m  several 
neighboring  wells. 

The  records  of  a  fairly  large  nmnber  of  wells  enter  into  the 
average  for  each  month  from  the  2d  to  the  12th,  but  the  averages 
for  longer  periods  are  based  on  the  records  of  so  few  wells  that 
they  can  not  be  considered  reliable.  One  well,  for  example,  pro- 
duced 13  per  cent  in  the  thirty-fifth  month,  though  12  wells  averaged 
only  7  per  cent  in  the  twelfth  month.  Accordingly  only  the  aver- 
ages up  to  the  fourteenth  month  were  taken  into  account  in  sketch- 
ing the  average  curve  shown  in  figure  18. 

Despite  the  many  factors  that  cause  one  well  to  decline  more 
rapidly  than  another,  the  figures  up  to  the  twelfth  month  are  rea- 
sonably concordant,  and,  as  the  curve  shown  is  based  on  the  records 
of  nearly  all  the  wells  that  produced  prior  to  July  1,  1915,  and  as 
these  wells  came  in  at  different  times  and  with  different'  pressures 
and  flows,  it  may  be  regarded  as  representing  in  a  general  way  the 
decline  of  the  older  part  of  the  field.  It  is  also  believed  to  be  fairly 
representative  of  the  decline  of  the  average  well  in  any  district 
drilled  as  closely  as  the  older  part  of  the  Cleveland  field. 
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LIFE  OF  WELLS. 

The  life  of  a  gas  well  depends  primarily  on  the  rate  of  decline 
of  the  flow  and  pressure,  and  as  the  flow  and  pressure  decline  at 
much  the  same  rate  in  all  the  wells  in  a  small  poolj'^the  last  wells 
drilled  will  evidently  be  shorter  lived  than  the  earlier  ones.  If 
the  sand  were  uniformly  porous  throughout  the  area  and  the  wells 
were  finished  and  operated  in  the  same  way  they  would  all  reach 
the  point  of  abandonment  at  the  same  time.  These  conditions  are 
seldom  found,  however;  and,  furthermore,  economic  considerations 
dictate  the  abandonment  of  some  wells  sooner  than  others.  The 
statistical  tables  on  the  preceding  pages  show  the  dates  on  which 
many  of  the  wells  were  abandoned,  and  it  will  be  noted  that  the 
length  of  the  productive  period  varied  greatly.  A  number  of  wells 
became  exhausted  in  three  or  four  months;  others  produced  for  two 
years;  one  or  two  have  lasted  more  than  three  years  and  are  still 
producing.  The  exact  date  on  which  a  well  is  abandoned  is  of 
little  importance,  for  figure  13  indicates  that  in  this  field,  in  general, 
over  80  per  cent  of  the  total  production  of  the  well  is  obtained 
during  the  first  12  months,  though  it  may  continue  to  produce  a 
little  for  a  year  or  so. 

On  June  1, 1916, 855  gas  wells  had  been  drilled  and  at  least  325,  or 
38  per  cent,  had  'been  abandoned.  The  life  of  the  average  well  in  the 
most  thickly  drilled  parts  of  the  field  is  probably  about  12  months, 
but  the  average  well  in  the  districts  now  being  developed  should 
produce  for  several  years.  The  decline  curve  shown  in  figure  18, 
which  is  based  on  the  records  of  wells  in  the  most  crowded  and  the 
moderately  crowded  parts  of  the  field,  indicates  that  the  life  of  the 
average  well  in  those  districts  is  about  18  months. 

DECLINE  OF  BOCK  FBESSTJBE  AS  A  GTTXDE  IK  NEW 

PEVELOFMENT. 

* 

FACTORS  IN  DETERMINING  THE  PROPER  ACREAGE  PER  WELL. 

One  of  the  most  important  problems  confronting  the  gas-producing 
industry  is  that  of  determining  the  smallest  number  of  wells  capable 
of  removing  all  the  gas  from  under  a  given  tract  of  land  in  the  most 
economical  manner  possible.  So  many  complex  factors  enter  into 
this  problem  that  few  systematic  attempts  have  been  made  to  solve 
it,  and  gas  operators  have  in  general  been  content  to  accept  rough 
estimates  of  the  num'ber  of  wells  that  should  be*  drilled  per  unit  area. 
In  some  localities  it  is  held  that  only  one  well  should  be  drilled  to 
each  800  acres,  although  in  others  it  is  customary  to  drill  a  well  in 
each  20  or  40  acres.    With  present  knowledge  this  must  be  to  some 
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extent  a  matter  of  opinion,  but  it  is  very  doubtful  if  any  limit  can 
be  chosen  that  will  be  applicable  in  all  gas  fields,  for  the  acreage 
required  will  vary  according  to  the  structure  of  the  field,  the  porosity 
and  thickness-of  the  sand,  and  the  relation  of  the  gas  to  water. 

In  practice  the  problem  is  further  complicated  by  economic  fac- 
tors, important  among  which  are  the  price  of  gas  and  the  size  of  the 
parcels  in  which  the  land  is  held  or  the  number  of  companies  oper- 
ating in  the  field.  It  is  evident  that  one  operator  controlling  a  large 
acreage  and  not  subject  to  sharp  competition  is  in  a  position  to  de- 
velop his  territory  more  economically  than  a  number  of  operators, 
each  controlling  a  small  tract  of  land  and  each  endeavoring  to  pro- 
duce gas  before  his  neighbor.  Only  a  few  fields  in  the  United  States 
are  controlled  entirely  by  single  operators,  and  the  question  as  to 
the  best  procedure  in  those  fields  need  not  be  considered  here.  There 
are  many  fields,  however,  that  have  been  developed  by  a  number  of 
small  companies,  and  in  such  fields  the  tendency  is  always  to  drill  a 
larger  number  of  wells  than  is  necessary  or  profitable.  This  tend- 
ency is  so  strong  that  in  some  places  wells  have  been  drilled  after  the 
field  has  become  so  nearly  exhausted  that  the  new  wells  can  not  possi- 
bly produce  enough  gas  to  pay  for  the  cost  of  drilling. 

In  the  Cleveland  field  the  tendency  to  drill  too  closely  is  strikingly 
exemplified  and  has  led  to  considerable  financial  loss.  On  June  1, 
1916,  there  were  1,009  wells  and  dry  holes  in  the  field,  representing 
an  expenditure  for  drilling  alone  of  about  $5,500,000.  The  total 
production  of  the  field  to  January  1,  1916,  was  about  50,000,000,000 
cubic  feet,  and  the  decline  curves  given  warrant  the  belief  that  no 
more  than  40,000,000,000  cubic  feet  will  be  obtained  in  the  future. 
If  the  total  production  of  the  1,009  wells  is  assumed  to  be  90,000,- 
000,000  cubic  feet,  the  total  value  of  the  gas  produced,  at  6  cents  a 
thousand,  the  price  paid  by  the  East  Ohio  Gas  Co.,  is  only  $5,400,000, 
or  $100,000  less  than  the  outlay  for  drilling  expenses  alone.  If 
royalties  and  ordinary  producing  expenses  are  also  considered,  this 
operators'  deficit  is  increased  many  times. 

There  are  some  operators  in  the  Cleveland  field,  however,  who 
have  made  money,  and  they  are  in  general  the  owners  of  the  earliest 
wells  in  a  given  locality.  Practically  none  of  the  wells  brought  in 
after  the  local  rock  pressure  had  declined  to  a  third  of  its  original 
amount  produced  enough  gas  to  pay  for  themselves,  and  few  of  the 
wells  drilled  after  the  pressure  had  declined  one-half  were  profitable. 
As  shown  by  the  figures  already  given,  this  is  due  to  the  facts  that 
the  later  wells,  having  lower  initial  pressures,  generally  have  smaller 
initial  open  flows;  that  as  their  pressures  are  lower  they  deliver  a 
smaller  percentage  of  their  open  flow  into  the  pipe  line;  and  that 
they  decline  about  as  rapidly  as  the  older  wells,  and  their  productive 
period  is  therefore  shorter. 
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It  is  evident  that  there  is  a  point  in  the  development  of  any  pool 
after  which  new  wells  drilled  will  not  produce  enough  gas  to  be 
profitable ;  and  as  the  tendency  to  overdrill  is  by  no  means  confined 
to  the  Cleveland  field,  it  is  important  to  determine  this  point  for  the 
benefit  of  operators  in  general.  In  the  writer's  opinion  a  study  of 
the  rate  of  decline  in  pressure  furnishes  an  excellent  basis  for  deter- 
mining the  point  at  which  new  drilling  should  cease.  From  that 
rate  the  probable  initial  open  flow  of  a  new  well  can  be  estimated 
and  from  the  decline  curve  of  the  average  well  (such  as  that  shown 
in  fig.  18)  the  probable  total  production  of  the  well  can  be  roughly 
ascertained.  It  will  then  be  a  simple  matter  to  determine  the  value 
of  this  probable  total  production  and  to  balance  it  against  the  cost 
of  drilling  and  producing.  This  method  is  of  course  based  largely 
on  the  theory  of  probability  and  may  not  give  results  precise  enough 
to  be  of  practical  value  in  specific  instances,  but  it  is  at  least  more 
rational  than  a  rough  guess  as  to  the  number  of  acres  that  should 
be  allowed  for  each  welL 

APPMCATION  OF  THE  THEORY  OP  PROBABILITY  IN   ESTIMATING  THJ^ 

CAPACITY   OF   A    NEW    WELU 

By  C.  E.  Van  Obstkand. 

The  formulas  given  on  page  51  indicate  that  there  is  a  definite 
and  direct  relation  between  the  initial  rock  pressures  and  initial 
open  flows  of  the  wells  in  the  Lakewood  group.  There  is  undoubt- 
edly an  equally  definite  relation  between  the  initial  pressures  and 
open  flows  of  the  wells  in  any  small  group  in  any  field;  but  in 
applying  the  formulas  in  other  areas  it  would,  of  course,  be  neces- 
sary to  change  the  empirical  constants  shown.  The  formulas  in 
their  present  form  therefore  apply  to  the  wells  in  the  Lakewood 
group,  but  they  are  also  susceptible  of  an  entirely  different  appli- 
cation. They  may  be  used  to  determine  the  probability  that  a 
well  brought  in  with  a  given  initial  rock  pressure  will  have  an 
initial  open  flow  falling  between  certain  given  limits;  or,  if  the 
rate  of  decline  in  pressure  is  known,  they  may  be  used  to  deter- 
n^e  the  probable  open  flow  of  a  well  brought  in  on-  a  given  day. 
In  other  words,  the  differences  between  the  observed  points  and 
corresponding  points  on  the  straight  line  (fig.  11)  may  be  treated 
as  residuals  in  the  theory  of  errors.  To  use  the  theory  of  proba- 
bility as  a  basis  for  estimating  the  capacity  of  a  new  gas  well  is 
juFt  as  rational  as  to  use  it  as  a  basis  for  fixing  life  insurance 
premiums,  though  in  practice  the  data  are  fewer,  and  the  method 
will  therefore  be  somewhat  less  precise. 

In  the  following  calculations  the  term  discharge  is  used  as 
synonymous  with  open  flow.    It  is  stated  in  millions  of  cubic  feet. 


62 


CONTRIBUTIONS  TO  ECONOMIC  GEOLOGY,  1917,  PAST  II. 


SO  that  a  discharge  of  0.5,  for  example,  means  500,000  cubic  feet 
per  24  hours. 


Let  f  o=obserTed  discharge, 
computed  discharge, 
residual. 

^number  of- observed  values. 
:  probable  error  of  observation  of  weight  unity. 


Vc- 


The  quantity  r  is  then  given  by  the   well-known  least-square 
equation: 


.0.6745^1^? 


The  following  table,  which  is  based  on  29  pairs  of  measurements 
of  pressure  and  discharge  in  the  Lakewood  group,  contains  all  of 
the  quantities  needed  for  the  evaluation  of  r.  (See  table,  p.  46.) 
The  values  of  Vc  were  computed  from  formula  3  (p.  51),  which  is 
represented  by  the  straight  line  in  figure  11. 

ComfHMriton  of  observed  and  computed  values  of  discharge  (v)  in  reHatUm  to 

pressure  (p)  for  wells  in  Lakewood  group. 


p 

Vo 

te 

(Po-fc) 

p 

Vo 

fle 

(B»-Bs) 

050 

2.004 

4.013 

-1.318 

625 

8.617 

3.618 

+a099 

890 

4.653 

3.755 

+  .898 

435 

1.345 

1.803 

-  .558 

810 

4.357 

8.413 

+  .845 

470 

3.304 

1.953 

+  .351 

650 

1.980 

3.735 

-  .745 

290 

.350 

1.181 

-  .831 

490 

3.198 

3.039 

+  .154 

325 

1.750 

1.331 

+  .438 

635 

2.980 

3.618 

+  .363 

460 

1.350 

1.910 

-.660 

680 

3.358 

3.435 

+  .833 

330 

3.457 

1.353 

+1.104 

600 

3.466 

3.511 

+  .954 

270 

.789 

1.005 

-  .306 

615 

1.639 

3.146 

-  .517 

215 

.900 

.860 

+  .040 

645 

1.812 

3.275 

-  .463 

280 

.840 

1.138 

-  .398 

670 

1.554 

3.383 

-  .828 

205 

.661 

.817 

-  .156 

600 

1.580 

3.083 

-  .502 

360 

3.000 

'•^ 

+  .518 

666 

8.500 

3.361 

+1.139 

225 

.431 

-  .481 

7ao 

3.067 

3.026 

-  .959 

280 

.350 

1.138 

-  .788 

610 

2. 135 

2.125 

000 

2  (HI 

•-«e)«-^ 

L497 

By  substituting  in  the  equation  above  the  values  N^29  and 
S(vo—Vc)  ^=14.50,  we  get 

r==i:0.49 

To  interpret  the  meaning  of  r,  two  lines  may  be  drawn  parallel 
to  the  straight  line  in  figure  11,  the  one  0.49  unit  above,  the  other 
0.49  unit  below  the  computed  line.  Then  it  is  an  even  chance,  or 
the  probability  is  0.5,  that  an  observed  point  selected  at  random 
falls  between  these  limits.  In  other  words,  one-half  of  the  observed 
points  should  be  included  in  the  area  between  the  two  parallel  lines. 
Similarly,  one-half  of  the  values  of  (vo-^Ve)  given  in  the  fowgoing 
table  should  be  less  in  numerical  magnitude  than  0.49. 
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In  order  to  apply  this  method  to  a  particular  case,  let  it  be  re- 
quired to  find  the  probability  that  the  discharge  of  a  well  under  a 
given  initial  rock  pressure  will  fall  between  certain  prescribed  lim- 
its. For  example,  reference  to  the  table  on  page  46  or  to  figure  9 
shows  that  well  68,  brought  in  November  5,  had  an  initial  pres- 
sure of  215  pounds  and  a  flow  or  discharge  of  900,000  cubic  feet. 
Let  it  be  assumed  for  the  moment  that  the  initial  pressure  of  this 
well  is  known  or  has  been  correctly  estimated  from  the  curve  of 
decline  in  pressure,  and  let  it  be  required  to  find  the  probable  flow 
or  discharge  at  this  pressure.  The  23  wells  brought -in  prior  to 
November  6  furnish  23  pairs  of  observed  values  of  the  relation  of 
flow  and  pressure.  From  these  data  may  be  found  by  least  squares 
(or  by  graphic  methods)  the  equation 

17=0.00432  (p—po) 

which  differs  but  slightly  from  the  equation  derived  from  all  29 
observations  and  represented  by  formula  3.  The  value  of  r  then 
becomes  0.52  instead  of  0.49.  The  close  agreement  of  the  two  con- 
stants shows  that  sufficient  data  were  at  hand  on  November  5  to 
extend  the  line  slightly  beyond  the  points  representing  all  the  ob- 
servations that  had  been  made  at  that  time.  Assuming  the  possi- 
bility of  this  extension  and  substituting  7^  =  215  in  the  last  equation 
we  have 

t;=0.87  (or  870,000  cubic  feet). 

The  following  table  gives  the  probability  (P)  that  the  discharge 
(v)  of  a  well  in  the*  Lakewood  group,  having  an  initial  rock  pres- 
sure on  November  5  of  215  pounds,  will  fall  between  the  limits 

X 

0.87+a?  and  0.87— a?.  The  ratio  -;-,  being  e  lual  to  0.52,  is  the  argu- 
ment used  in  the  evaluation  of  P  from  tables  of  the  probability 
integral.^ 

ProhahUity  that  the  discharge  of  a  new  well  having  an  initial  rock  pressure  of 

215  pounds  tcill  fall  within  certain  limits. 


Range  of  v  (miUions  of  cubic  feet). 


Between  0.74  and  1. 00 
Between  0.40  and  l  .25 . 
Between  O^and  1.60, 
Between  0.00  and  1.74 . 

Greater  than  2.00 

Oieater  than  2.76 


a  13 

.38 

.63 

.87 

1.13 

1.88 


f 


a25 

.73 
1.21 
1.67 
2.17 
3.62 


a  14 
.38 
.60 
.74 
.14 
.01 


The  table  shows  that  there  were  14  chances  in  100  that  the  dis- 
charge of  a  well  in  this  group,  possessing  an  initial  rock  pressure 
of  215  pounds,  would  fall  between  the  limits  0.74  and  1.00,  con- 

^See,  for  example,  Merriman,  Mansfield,  Method  of  least  SQuares,  Table  II. 
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versely  that  there  were  86  chances  in  100  that  the  discharge  would 
be  less  than  0.74  or  greater  than  1.00.  Similarly,  the  chances  were 
59  in  100  that  the  discharge  would  fall  between  Oi24  and  1.50,  and 
only  41  that  it  would  fall  outside  of  these  limits.  The  last  value  in 
the  table  shows  that  there  was  only  1  chance  in  100  that  the  discharge 
would  exceed  2.76. 

In  the  foregoing  example  it  wa^  assumed  that  the  initial  pressure 
of  the  new  well  was  known  to  be  215  pounds.  As  a  matter  of  fact, 
however,  this  figure  could  be  obtained  only  by  extrapolating  the 
curve  of  decline  in  pressure,  and  the  determination  of  the  probable 
pressure  of  a  new  well  is  therefore  also  subject  to  the  law  of  proba- 
bility. The  following  table  is  based  on  time  and  pressure  instead 
of  on  pressure  and  discharge.  It  gives  the  probability  (P)  that  a 
well  drilled  on  November  5  would  have  a  rock  pressure  (p)  within 
given  limits.  The  values  r=0.52,  and  ^  =  270,  which  were  used  in 
computing  the  table,  are  based  on  the  curve  sketched  in  figure  9. 

ProhahiHty  that  the  rock  pressure  of  a  well  brought  in  Jfovcmher  5  would  fall 

within  certain  limits. 


• 

Range  of  p  (pounds).  ^ 

X 

r 

P 

Between  240  and  300 

30 

80 

130 

180 

0.5S 
1.64 
2.50 
3.46 

aao 

Rfltwe^n  190  and  350 ....           ...     .     .  x . . . 

.70 

Between  140  and  400 

.91 

Retwee*^  00  and  450 

.98 

In  the  first  example  given .  discharge  or  flow  was  computed  as  a 
function  of  pressure,  and  in  the  second  pressure  was  computed  as  a 
function  of  time.  It  is  evident  that  a  third  method  is  possible, 
wherein  discharge  is  computed  or  plotted  as  a  fimction  of  time. 
By  this  method  the  probability  that  the  initial  flow  of  a  well  brought 
in  on  a  given  date  will  fall  within  given  limits  may  be  determined 
directly. 


VALUATION  OF  A  WELL  FROM  FFS  INITIAL  PRESSURE  AND  FLOW. 

In  the  foregoing  examples  Mr.  Van  Orstrand  has  demonstrated 
the  practicability  of  estimating  the  probable  initial  pressure  or  flow 
of  a  new  well  from  the  initial  pressures  and  flows  of  the  earlier 
wells  in  the  group ;  it  now  remains  to  consider  briefly  the  valuation 
of  a  well  on  the  basis  of  its  initial  performance,  as  thus  estimated. 
The  first  example  given  above  indicates  that  a  well  drilled  in  Novem- 
ber, 1914,  in  the  Lakewood  group  and  having  an  initial  pressure  of 
215  pounds  should  theoretically  (according  to  the  data  available  at 
that  time)  have  an  initial  flow  of  870,000  cubic  feet ;  that  the  chances 
were  about.  60  in  100  that  the  flow  would  not  exceed  1,150,000  cubic 
feet;  and  that  there  was  only  1  chance  in  100  that  the  flow  would 
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exceed  2,750,000  cubic  feet.  As  an  extreme  case  let  it  be  assumed 
that  the  smallest  chance  is  accepted,  and  that  it  is  desired  to  deter- 
mine the  value  of  a  well  having  an  initial  flow  of  2,750,000  cubic 
feet  and  a  pressure  of  215  pounds. 

The  first  problem  is  that  of  expressing  the  production  of  the  well 
in  terms  of  open  flow.  Welch,^  in  discussing  the  wells  of  the  Petrolia 
field,  Tex.,  says : 

There  are  no  definite  mathematical  formulas  for  determining  in  terms  of 
open-flow  capacity  the  amount  of  gas  that  can  he  taken  from  wells.  The 
amount  depends,  however,  on  the  character  of  the  sand  and  the  pressure  of 
the  gas  within  it,  the  pressure  on  the  pipe  line  at  the  mouth  of  the  well,  and 
this  in  turn  depends  on  the  pressure  at  the  intalce  of  the  compressor  station, 
on  the  size  of  casing  and  of  the  lines  from  the  wells  to  the  station,  and  the  total 
amount  of  gas  being  delivered.  An  empirical  figure  of  25  per  cent  of  the  open- 
flow  capacity,  which  is  frequently  used,  is  as  high  as  is  safe  to  expect 

This  statement  is  borne  out  by  the  sketched  curve  in  figure  12, 
which  shows  the  relation  between  the  initial  open  flow  of  22  wells 
and  their  average  daily  delivery  during  the  first  month.  With  a 
line  pressure  of  150  pounds,  a  well  having  a  rock  pressure  of  215 
pounds  would  apparently  deliver  daily  during  the  first  month  an 
average  of  only  about  12  per  cent  of  its  initial  open  flow.  The  de- 
livery of  this  well  .on  the  first  day  would  of  course  be  higher  and 
might  reach  25  or  35  per  cent  of  the  open  flow.  These  data  are 
hardly  sufficient  to  warrant  a  definite  conclusion,  however,  and  for 
the  present  purpose  the  empirical  figure  of  25  per  cent  used  by 
Welch  may  be  adopted. 

In  order  to  estimate  the  total  production  of  a  well  from  its  pro- 
duction on  the  first  day,  it  is  necessary  to  use  a  curve  showing  the 
decline  of  a  number  of  wells  whose  geologic  and  technologic  features 
are  not  widely  different  from  those  of  the  well  under  consideration. 
In  the  absence  of  a  detailed  curve  of  this  kind  the  curve  shown  in 
figure  13  may  be  used.  The  total  content  of  this  curve  is  144 — ^that 
is,  the  average  well  producing  1,000,000  cubic  feet  on  the  first  day 
will  produce  a  total  of  144,000,000  cubic  feet  in  the  course  of  18 
months,  at  the  end  of  which  it  will  be  exhausted.  In  the  case  under 
consideration  the  initial  open  flow  is  assumed  to  be  2,750,000  cubic 
feet  and  the  first  day's  production  25  per  cent  of  this,  or  687,500 
cubic  feet.  The  total  production  of  this  well  will  then  be  687,500 
times  144,  or  about  99,000,000  cubic  feet  At  6  cents  per  thousand 
cubic  feet  the  value  of  this  gas  is  about  $5,950.  In  the  Cleveland 
field  this  figure  barely  suffices  to  cover  the  cost  of  drilling,  without 
considering  royalties  or  producing  expenses,  and  the  well  will  there- 
fore presumably  be  a  financial  loss.  When  it  is  recalled  that  there 
is  only  1  chance  in  100  that  the  open  flow  of  the  well  would  be  as 

^  Welch,  W.  M.,  Tbe  natixnil-gaB  reeoarces  and  snpplieR  of  northern  Texas  and  Bouthem 
Oldahoma  (unpublished  report  to  Bureau  of  Mines,  1916). 
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high  as  the  figure  chosen,  it  is  evident  that  there  was  practically  no 
likelihood  that  the  well  could  produce  enough  gas  to  pay  even  the 
cost  of  drilling. 

GENEBAL  APPLICATION  OF  THE  METHOD  OUTUKED. 

The  method  of  estimating  the  probable  value  of  a  new  well  out- 
lined in  the  preceding  pages  is  believed  to  be  entirely  practicable 
and  should  be  of  service  in  many  fields.  The  accuracy  of  the  results 
will  of  course  depend  on  the  amoimt  of  infonnaticm  at  hand  con- 
cerning the  initial  flow  and  pressure  and  the  rate  of  decline  of  other 
wells  in  the  same  locality.  However,  in  order  to  ascertain  whether 
or  not  a  well  is  likely  to  pay  it  is  not  necessary  to  determine  its  exact 
value,  but  merely  to  estimate  whether  the  probable  value  of  the  gas 
produced  (after  deducting  royalties)  is  greater  or  less  than  the  cost 
of  drilling  and  producing.  If  the  probable  value  of  the  well  is  found 
to  be  little  more  than  its  cost  the  well  should  not  be  drilled,  for  there 
are  in  general  a  sufficient  number  of  hazards  in  the  gas-producing 
industry  to  necessitate  a  considerable  margin  of  profit. 

It  should  be  reiterated  that  the  curves  and  formulas  in  the  pre- 
ceding pages  are  given  here  as  simply  illustrating  methods  suscepti- 
ble of  general  application.    They  are  based  wholly  on  wells  in  the 
Cleveland  field  and  can  not  be  applied  directly  in  other  fields  unless 
there  is  good  evidence  that  the  geologic  and  technologic  conditions  in 
such  fields  are  similar  to  those  at  Cleveland.    For  example,  in  the 
case  discussed  above  it  was  shown  that  a  well  in  the  Lakewood  group 
having  an  initial  pressure  of  215  pounds  would  probably  not  produce 
enough  gas  to  pay  for  itself;  but  in  some  fields  a  pressure  of  215 
pounds  may  be  associated  with  a  flow  of  more  than  5,000,000  cubic  feet 
and  the  well  might  be  highly  profitable.   The  absolute  figures  doubtless 
vary  greatly,  but  it  seems  probable  that  if  the  ratio  of  the  pressure 
of  the  well  to  the  original  pressure  of  the  pool  is  considered,  a  more 
constant  criterion  may  be  established.    Thus  it  is  safe  to  state  that 
few  if  any  wells  in  the  Cleveland  field  brought  in  after  the  local 
pressure  had  declined  to  one-third  of  its  original  amoimt  were  profit- 
able, and  there  is  reason  to  suppose  that  this  generalization  will 
apply  in  many  if  not  in  most  other  gas  fields.    In  the  Cleveland  field 
a  majority  of  the  wells  finished  after  the  local  pressure  had  declined 
one-half  were  probably  also  unprofitable,  but  how  widely  this  figure 
can  be  applied  in  other  fields  is  at  present  largely  a  matter  of  con- 
jecture.   It  is  probable,  however,  that  in  nearly  all  fields  the  critical 
point  in  the  decline  in  pressure,  below  which  new  wells  are  likely  to 
be  unprofitable,  ranges  between  65  and  25  per  cent  of  the  original 
figure.    It  is  to  be  hoped  that  this  line  of  investigation  will  be  fol- 
lowed further,  for  it  is  obvious  that  the  determination  of  a  general 
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critical  limit  for  all  fields,  or  at  least  for  all  fields  of  the  same 
geologic  type,  would  be  of  great  value  to  the  gas-producing  industry. 
In  order  to  estimate  the  probable  value  of  new  wells  on  the  basis 
of  declining  rock  pressure,  certain  data  relating  to  other  wells  in 
the  same  area  or  in  one  that  is  similar  geologically  are  essential. 
For  the  convenience  of  those  who  may  desire  to  pursue  this  line  of 
investigation  the  necessary  information  may  be  tabulated,  as  fol- 
lows: 

1.  The  date  of  completion,  the  initial  rock  pressure,  and  the  initial 
open  flow  of  a  number  of  wells.  These  wells  should  preferably  be 
located  in  an  area  in  whidi  the  sand  is  fairly  homogeneous  and  in 
which  the  pressure  declines  at  a  fairly  uniform  rate. 

2.  The  rock  pressure  and  open  flow  of  a  number  of  wells  and 
their  delivery  into  the  pipe  line  on  the  same  day  against  known  line 
pressure. 

3.  The  rate  of  decline  in  the  production  of  a  number  of  wells 
under  normal  operating  conditions.  These  records  should  prefer- 
ably cover  the  whole  period  from  inception  to  exhaustion,  but,  as  a 
large  part  of  the  total  production  of  a  weU  is  obtained  during  the 
first  half  of  its  life,  the  decline  curve  may  be  extrapolated  without 
introducing  serious  error. 

4.  The  price  at  which  the  gas  is  to  be  sold. 

5.  The  cost  of  drilling  the  well  to  the  depth  at  which  the  sand 
is  expected,  the  royalty  or  property  charge,  and  the  producing 
expenses. 

Of  the  groups  of  data  listed  above  the  one  that  usually  is  most 
difficult  to  obtain  is  that  relating  to  the  decline  of  wells.  Standard 
curves  of  the  decline  of  wells  are  essential  to  the  rational  develop- 
ment of  any  field,  and  the  recording  of  the  data  necessary  to  plot 
them  can  not  be  too  strongly  urged  upon  gas  operators.  . 


The  wells  in  a  small  pool  are  closely  related  to  one  another,  and 
their  productivity  and  its  decline  are  controlled  by  fairly  definite 
law&  The  figures  presented  in  the  foregoing  pages  are  based  on 
statistics  of  wells  in  the  Cleveland  field,  where  water  does  not  seem 
to  follow  up  the  gas  in  the  sand.  Although  these  figures  show  many 
irregularities,  they  are  believed  to  furnish  a  sound  basis  for  the  fol- 
lowing generalizations,  which  apply  most  closely  to  small  pools  in 
which  water  does  not  follow  up  the  gas: 

1.  The  initial  rock  pressure  of  a  new  well  in  a  small  pool  is  lower 
that  the  initial  rock  pressures  of  the  older  wells — that  is,  the  rock 
pressure  of  all  the  wells  at  any  one  time  is  approximately  the  same, 
and  declines  at  about  the  same  rate. 
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2.  The  rate  at  which  the  rock  pressure  declines  is  controlled  by 
the  rate  at  which  gas  is  removed  from  the  sand,  or  in  general  practice 
largely  by  the  number  of  wells  per  unit  area. 

3.  The  initial  open  flow  of  a  well  depends  largely  on  the  initial 
rock  pressure,  being  generally  small  if  the  pressure  is  low;  hence 
the  later  wells,  having  lower  pressures,  usually  have  smaller  flows 
than  the  earlier  ones. 

4.  During  the  life  of  a  well  the  open  flow  declines  as  the  rock 
pressure  declines,  though  not  at  the  same  or  at  a  uniform  rate. 

5.  As  most  wells  deliver  gas  into  a  pipe  line  against  pressure,  the 
quantity  of  gas  they  yield  is  much  smaller  than  their  open  flow. 

6.  The  proportion  of  the  open  flow  delivered  into  the  pipe  line 
depends  chiefly  on  the  difference  between  the  rock  pressure  and  the 
back  (line)  pressure;  hence  the  production  of  a  well  against  a 
constant  line  pressure  normally  decreases  faster  than  the  rock  pres- 
sure or  the  open  flow. 

7.  As  most  of  the  wells  in  a  small  pool  decline  at  about  the  same 
rate,  the  life  of  the  later  wells  is  generally  shorter  than  the  life  of 
the  earlier  ones. 

8.  In  general  the  later  wells  in  a  small  pool  have  lower  initial 
pressures  and  smaller  flows  than  the  earlier  wells;  as  their  pressures 
are  lower,  they  deliver  a  smaller  percentage  of  their  open  flow  into 
the  pipe  line;  as  they  decline  about  as  rapidly  as  the  older  wells, 
their  productive  period  or  life  is  shorter.  In  the  Cleveland  field 
many  of  the  later  wells  did  not  produce  enough  gas  to  pay  the  cost 
of  drilling. 

9.  As  the  initial  pressure  of  a  well  chiefly  determines  its  initial 
flow,  it  is  possible,  from  a  study  of  the  record  of  decline  in  pressure, 
to  estimate  in  advance  of  drilling  the  probable  initial  flow  of  a  well 
brought  in  on  a  given  date.  The  figure  obtained  may  be  evaluated 
according  to  the  theory  of  probability  and  expressed  as  so  many 
chances  in  100.  From  the  probable  initial  flow  of  a  well  an  excellent 
idea  can  be  formed  of  the  value  of  its  total  production,  and  by 
balancing  this  figure  against  the  total  cost  the  profit  or  loss  can  be 
roughly  ascertained. 

10.  The  rate  of  decline  of  pressure  is  an  accurate  and  convenient 
index  of  the  stage  of  exhaustion  of  a  pool  and  furnishes  an  excellent 
basis  for  determining  the  point  at  which  new  development  should 
cease.  In  most  gas  fields  wells  drilled  after  the  local  pressure  has 
declined  to  one-third  of  its  original  amount  are  probably  unprofit- 
able, and  in  some  fields  this  point  may  be  reached  when  the  pressure 
has  declined  only  one-half.  A  general  study  of  the  critical  stage 
in  the  decline  of  pressure,  below  which  new  wells  are  likely  to  be 
unprofitable,  would  be  of  great  value. 


STRUCTURE  OF  THE  NORTHERN  PART  OF  THE  BRISTOW 
QUADRANGLE,  CREEK  COUNTY,  OKLAHOMA,  WITH  REFER- 
ENCE TO  PETROLEUM  AND  NATURAL  GAS. 


By  A.  E.  Fath. 


INTRODUCTION. 

The  Bristow  quadrangle  lies  in  Creek  County,  in  northeastern 
Oklahoma,  between  meridians  96°  15'  and  96°  30'  and  parallels  35° 
45'  and  36°.  (See  Pis.  Ill  and  IV.)  It  is  bordered  by  some  of  the 
most  prolific  oil  fields  of  Oklahoma,  yet  within  its  boundaries  only  a 
few  gas  wells  have  been  drilled  and  a  very  small  quantity  of  oil  has 
been  foimd.  To  the  west  are  the  Gushing  oil  and  gas  field  and  its 
southward  extension  in  the  vicinity  of  Shamrock.  In  fact,  the 
nearest  wells  of  the  east  Gushing  field  are  only  about  1^  miles  distant 
from  the  Bristow  quadrangle.  About  9  miles  east  of  the  quadrangle 
is  the  Glenn  oU  and  gas  pool,  and  in  the  area  that  Ues  between  the 
Bristow  quadrangle  and  the  Glenn  pool  there  are  several  minor  fields. 
Several  anticlines  and  nimierous  faults  were  foimd  in  the  northern 
part  of  the  quadrangle.  A  few  of  the  anticlines  appear  to  be  suffi- 
ciently large  to  be  well  worth  prospecting  with  the  drill.  Several 
others,  which  are  comparatively  small  and  closely  related  to  faults, 
are  not  considered  to  be  worth  prospecting  until  after  the  lai^er  ones 
have  been  developed  and  prove  their  value.  Although  faults  alone 
may  cause  accumulations  of  petroleum  and  natural  gas,  those  in  this 
quadrangle  are  probably  of  little  value  for  this  purpose.  As  the 
information  collected  in  the  northern  part  of  the  quadrang|le  is  valu- 
able at  the  present  time,  it  is  being  pubhshed  at  an  early  date 
rather  than  withheld  imtil  the  examination  of  the  remainder  of 
the  quadrangle  is  completed. 
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OEOGRAPHT. 

8T7BFACE  FBATUBES. 

The  surface  of  the  quadrangle  ranges  in  altitude  between  675  and 
1,075  feet  above  sea  level.  It  is  dissected  by  innumerable  streams, 
and  the  larger  part  of  its  surface  is  covered  with  a  thick  growth  of 
timber,  which,  on  the  uplands,  consists  principally  of  black  and  post 
oaks  and  is  generally  so  low-branched  and  thick  that  it  cuts  off  from 
view  almost  everything  beyond  a  distance  of  a  few  hundred  feet. 
Small  areas  of  open  prairie  are  scattered  here  and  there,  and  clear- 
ings also  help  to  lay  the  country  open  to  view. 

The  area  is  drained  by  tributaries  of  both  Arkansas  and  Canadian 
rivers.  The  divide  between  these  streams  nearly  bisects  the  quad- 
rangle from  east  to  west.  Polecat  Creek  is  the  main  tributary  of  the 
Arkansas  in  this  region,  and  Little  Deep  Fork  Creek  of  the  Canadian. 
These  two  creeks  and  their  lai^er  branches  carry  some  water  the  year 
round.  Flood  plains  are  well  developed  in  the  valleys  of  all  the 
larger  streams,  and  the  valleys  of  even  the  smaller  branches  contain 
a  considerable  amoimt  of  silt.  The  timber  on  the  flood  plains  dif- 
fers from  that  on  the  uplands;  it  consists  principally  of  elm,  syca- 
piore,  willow,  walnut,  and  pecan. 

ACCESSIBIIJTY  AND  DEVELOPMENT. 

But  one  railway,  the  St.  Louis-San  Francisco  (Oklahoma  City 
Une),  traverses  the  quadrangle.  The  only  town  is  Bristow,  a  thriving 
business  center  with  a  population  of  about  2,500,  situated  on  the 
railroad  in  the  south-central  part  of  the  quadrai^le.  Bristow  lies 
83  miles  northeast  of  Oklahoma  City  and  36  miles  southwest  of 
Tulsa.  Heybum,  a  small  settlement  about  8  miles  northeast  of  Bris- 
tow, consbts  of  a  post  office,  store,  cotton  gin,  and  several  houses. 
Bellvue  is  a  store  and  post  office  in  the  northwestern  part  of  the 
quadrangle.  Just  beyond  the  west  border,  on  the  railroad,  is  the 
town  of  Depew. 

The  roads  in  general  are  sandy.  Most  of  them  follow  the  section 
lines;  the  others  follow  the  older  and  more  natural  routes,  such  as 
the  divides.  They  receive  but  little  attention,  although  an  effort 
is  made  to  keep  in  repair  a  few  of  the  more  traveled  routes  for  the 
use  of  automobiles. 

Farming  is  the  principal  industry  of  the  region,  and  cotton,  com, 
hay,  and  oats,  named  in  the  order  of  their  importance,  are  the  chief 
crops. 

Because  of  its  closeness  to  the  developed  oil  fields,  considerable 
wildcat  drilling  bias  been  done  in  the  area  described  in  this  report. 
Up  to  August,  1916,  fourteen  wells  had  been  drilled,  all  of  whidi 
except  one  gas  well,  in  sec.  36,  T.  17  N.,  R.  9  E.,  were  abandoned  ai 
dry  holes. 
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GEOLOGY. 

STBATIOBAFH7. 
OBNERAL  FBATUBES. 

The  rocks  exposed  at  the  surface  in  the  Bristow  quadrangle  and 
those  beneath  it  to  a  depth  of  2,500  feet  or  more  are  a  part  of  the 
Pennsylvanian  series,  the  series  to  which  helong  the  surface  rocks 
throughout  the  oil  fields  of  northeastern  Oklahoma.  Below  the 
Pennsylvanian  rocks  lie  those  of  the  Mississippian  series,  which  in 
the  eastern  part  of  this  quadrangle  have  been  penetrated  by  three 
wells. 

The  oil  man's  interest  in  the  rocks  is  due  to  the  fact  that  the 
surface  rocks  furnish  the  means  of  determining  the  geologic  structure, 
which  is  the  best  governing  factor  in  locating  favorable  oil  and  gas 
territory  in  advance  of  drilling,  and  the  deeply  buried  rocks  contain 
the  oil  and  gas  bearing  sands. 

The  classification  and  most  of  the  names  used  in  the  text  and 
columnar  sections  of  this  paper  are  derived  from  the  reports  on  the 
Gushing  ^  and  Glenn  pool '  oil  fields,  and  from  unpublished  manu- 
script and  maps  by  R.  H.  Wood,  of  this  Survey,  who  has  worked 
in  the  Hominy  quadrangle,  to  the  north. 

EXPOSED  ROCKS. 

snn>8  OF  ROCS  Ain>  ohabactxr  of  oxttorop. 

The  strata  exposed  in  the  northern  part  of  the  Bristow  quadrangle 
have  an  aggregate  thickness  of  about  950  feet.  They  consist  almost 
entirely  of  alternating  sandstone  and  shale,  the  only  exceptions  being 
a  few  limy  beds  in  the  eastern  part  of  the  area.  The  limy  beds,  the 
Dewey  limestone  and  the  calcareous  Tiger  Creek  sandstone  (the  latter 
here  differentiated  for  the  first  time),  together  with  the  Elgin  sand- 
stone, will  be  described,  and  their  outcrops  are  indicated  in  figure  14. 
All  the  other  sandstones  and  shales  that  were  used  in  working  out 
the  geologic  structure  are  so  similar  to  one  another  in  lithologic 
characteristics  that  descriptions  would  be  of  httle  value  to  drillers  for 
differentiating  them. 

Sandstone  and  shale  each  constitute  about  half  of  the  total  thick- 
ness of  the  rocks.  (See  PI.  IV. )  The  sandstones  appear  to  form  much 
the  greater  part,  owing  to  the  generally  sandy  nature  of  much  of  the 
surface,  but  a  close  study  shows  that  this  does  not  indicate  the  true 
character  of  the  rocks  beneath  the  surface  soil.  The  narrowness  of 
the  sandstone  and  shale  belts  permits  the  residual  sand  of  the  former 
to  wash  and  blow  as  a  veneer  over  the  outcrops  of  the  latter,  and  in 

'  Bnttnm,  Frank,  The  Cuahing  oU  and  gas  field,  OUs.:  Oklahoma  Oeol.  Surrej  Bull.  18, 1914. 
'South,  C.  n.,  Oinm  oU  and  fas  pool  and  vicinity,  Okk^:  U.  8.  Oeol.  Survey  BnU.  641,  pp.  34-48, 1014. 
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consequence  the  more  prolific  vegetation  which  is  dependent  on  a 
sandy  soil  grows  equally  well  on  the  narrow  belts  underlain  by 
shale.  For  this  reason  the  black  and  post  oak  timber,  which  ordi- 
narily is  limited  to  sandstone  areas  and  therefore  generally  helps  to 
differentiate  the  sandstone  from  the  shale  in  regions  where  the  belts 
of  the  two  rocks  are  broad,  covers  most  of  the  Bristow  region  and 
in  this  way  disguises  the  presence  of  shale.  The  contacts  of  the 
shale  with  the  adjoining  sandstone  beds,  upon  which  practically  all 


FiGUBB  14.— Sketch  map  showing  areal  distribution  of  Elgin  sandstone,  Tiger  Creek  sandstone,  and  Dswey 

limestone  in  Bristow  quadrangle,  OUa. 

the  geologic  work  in  the  quadrangle  depends,  are  therefore  dis- 
tinguishable only  with  difficidty,  a  condition  which  makes  the  work 
extremely  tedious  and  in  some  localities  very  uncertain. 

SLGXH  BAHD8T0HE. 

The  Elgin  sandstone  is  the  highest  sandstone  bed  of  considerable 
thickness  in  the  quadrangle  and  crops  out  along  or  near  the  western 
border.  (See  PL  V  and  fig.  14.)  It  does  not  differ  from  most  of 
the  other  sandstones  of  the  region  in  lithologic  characteristics,  but 
it  is  dei^cribed  here  principally  for  the  benefit  of  those  geologists  who 
may  desire  to  know  its  position  within  the  quadrangle.    It  ioVDB 
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the  westenimost  thick  sandstone  in  the  area  described  in  this  report. 
Where  it  enters  the  quadrangle  at  the  north,  in  sees.  32  and  33, 
T.  18  N.,  R.  8  E.,  its  thickness  is  not  determinable;  but  in  the  south- 
west comer  of  sec.  21,  T.  17  N.,  R.  8  E.,  a  thickness  of  60  feet  was 
measured.  The  base  of  the  sandstone  ia  known  to  be  irregular  to 
the  north  of  this  point,  and  hence  it  may  be  assumed  that  the  thick- 
ness also  varies.  To  the  south  of  sec.  21,  T.  17  N.,  R.  8  E.,  the  sand- 
stone appears  to  vary  but  little  ior  at  least  4  miles,  but  in  several 
places  south  of  sees.  7  and  8,  T.  16  N.,  R.  8  E.,  its  thickness  seems  to 
be  as  much  as  80  feefc. 

The  Elgin  is  overlain  by  about  150  feet  of  shale,  sandstone,  and 
limestone,  which  separate  it  from  what  is  known  as  the  Pawhuska 
limestone  in  the  Cushing  field. ^ 

TIQSR    CREEK   SARDSTONE. 

The  Tiger  Creek  sandstone,  which  is  differentiated  here  for  the  first 
time,  is  well  exposed  in  the  southern  part  of  sec.  6,  T.  17  N.,  R.  10  E., 
on  the  south  side  of  a  small  tributary  to  Tiger  Creek,  from  which  it 
receives  its  name.  (See  fig.  14.)  Its  thickness  ranges  from  20  to  30 
feet,  and  it  is  low  in  the  stratigraphic  section  exposed  in  the  Bristow 
quadrangle.  (See  PI.  V.)  It  is  the  lowest  outcropping  bed^  rhat 
overlies  the  shale  100  to  130  feet  thick,  whose  outcrop  extends  m 
sec.  4,  T.  17  N.,  R.  10  E.,  to  and  beyond  sec.  7,  T.  16  N.,  R.  av.  E. 
This  position  with  respect  to  a  thick  shale  bed  not  only  makes  its 
outcrop  more  prominent  in  comparison  with  other  sandstones  in  the 
quadrangle,  but  it  has  other  features  that  mark  its  individuality. 

Its  lower  2  or  3  feet  is  highly  fossiliferous,  containing  inniunerable 
impressions  of  the  fossil  Fusuliruiy  which  resembles  a  wheat  grain. 
This  probably  is  its  most  persistent  feature.  The  FkLSvlinor-heanng 
portion  is  observable  only  where  the  surface  conditions  are  favorable 
for  its  exposure,  in  such  places  as  a  roadway  cut  or  a  creek  bank. 
The  sandstone,  as  a  whole,  varies  greatly  in  Uthologic  character. 
In  some  places  it  is  a  light-gray  to  yeUowish-brown  friable  sandstone 
that  can  not  be  distinguished  from  other  sandstones  in  the  region,  but 
in  other  places  as  much  as  one-half  or  more  of  it  is  so  calcareous  that 
it  can  truthfully  be  called  a  limestone.  In  still  other  places  the 
Fusylina-hesLTuig  portion  is  separated  from  the  upper  portion  by  as 
much  as  15  feet  of  shale.  AH  gradations  between  these  various  phases 
are  known — from  limestone  through  sandy  limestone  and  limy 
sandstone  to  conmion  siliceous  sandstone — and  any  or  all  of  these 
phases  may  be  present  as  layers  or  lenses  in  a  single  exposure.  The 
limestone  phase  is  more  highly  developed  in  the  northern  part  of  the 
quadrangle,  where  it  generally  forms  the  top  part  of  the  Tiger  Creek 
sandstone,  and  in  this  locality  it  carries  fossils,  principally  segments 

1  Battnmy  Frank,  The  Cuahlng  oU  and  gas  field,  Okla.:  Oklahoma  Oeol.  Survey  Bull.  18,  p.  8, 1014. 
69812*>— Bull.  661—18 6 
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of  ciinoid  stems  and  Fuaulina.  The  limestone  phase  is  gray  on  a 
fresh  surface  but  weathers  to  reddish  brown  by  the  oxidation  of  its 
iron  content. 

In  the  Hominy  quadrangle/  to  the  north,  this  bed  lies  above  the 
Avant  limestone.    At  Arkansas  River  the  distance  between  the  trwo 
beds  is  60  feet.    South  of  Arkansas  River  both  the  Avant  limestone 
and  the  shale  that  separates  the  Avant  from  the  Tiger  Creek  sandstone 
decrease  in  thickness,  and  near  the  southern  boundary  of  the  Honxiny 
quadrangle  the  Avant  limestone  is  only  a  foot  or  two  thick  and  the 
Tiger  Creek  sandstone  is  separated  from  it  by  only  3  to  5  feet  of  shale. 
The  Avant  probably  thins  out  and  disappears  before  reaching  the 
Bristow  quadrangle.    As  the  base  of  the  Tiger  Creek  sandstone  lies 
so  close  to  the  Avant,  only  a  short  distance  to  the  north,  it  may  be 
assumed  to  be  practically  the  equivalent  of  the  horizon  of  the  Avant 
in  the  Bristow  quadrangle.    Because  the  Tiger  Creek  sandstone  is  a 
bed  of  somewhat  unusual  character  and  persistency,  it  is  used  as  the 
key  bed  to  which  the  contours  of  Plate  IV  refer. 

DSWBY  ZJMSSTOHS. 

In  the  Bristow  quadrangle  the  Dewey  limestone  lies  between  160 
and  220  feet  below  the  Tiger  Creek  sandstone.     (See  PI.  V.)     At  no 
place  in  the  quadrangle  where  it  was  observed  did  it  measure  over  1  i 
feet,  and  at  several  places  it  measured  less  than  9  inches  in  thickness. 
It  is  light  gray  on  a  fresh  surface  but  weathers  yellowish  brown  to 
reddish  brown,  owing  to  the  oxidation  of  its  iron  content.    It  carries 
abundant  fossils  of  both  FitsvUna  and  s^ments  of  crinoid  stems. 
Because  of  its  thinness  its  exposures  are  limited  to  particularly 
favorable  places,  such  as  stream  banks.    Its  largest  exposure  is  at 
the  ford  on  Polecat  Creek  in  the  SE.  J  sec.  30,  T.  17  N.,  R.  10  E. 
(See  fig.  14.)     Other  scattered  exposures  may  be  foimd  in  sees.  21, 
29,  and  33,  T.  17  N.,  R.  10  E.,  and  sees.  5,  6,  and  8,  T.  16  N.,  R.  10  E. 
Care  must  be  taken  not  to  confuse  the  Dewey  limestone  with  a  very 
lenticular  limy  sandstone  (in  some  places  sandy  limestone)  which  lies 
about  20  feet  below  it  in  sees.  21,  28,  29,  and  33,  T.  17  N.,  R.  10  E., 
and  which,  because  of  its  lenticularity,  is  not  considered  to  be  worthy 
of  a  description  in  this  report. 

BOCKS   NOT  EXPOSED. 
OSHXBAL  COH8XDEBATIOV8. 

The  imexposed  rocks  of  the  Bristow  quadrangle  are  of  interest  in 
this  discussion  principally  because  they  contain  the  oil  and  gas 
bearing  sands.  The  most  direct  method  of  obtaining  information 
concerning  oil  and  gas  sands  is  from  well  records,  but  as  the  weUs  in 
that  part  of  the  quadrangle  here  described  are  widely  scattered,  and 
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beds  that  can  be  of  possible  service  in  correlating  from  well  to  well 
toward  the  Bristow  quadrangle. 

The  Fort  Scott  ('^Oswego'')  limestone  and  the  limestone  about  150 
feet  below  it  are,  according  to  Smith/  well-defined  beds  penetrated 
by  all  the  wells  in  the  Glenn  pool.  West  and  southwest  of  the 
Glenn  pool,  however,  the  recognition  of  both  or  either  of  these  beds 
in  well  records  is  difficult.  In  the  northeastern  part  of  the  Bristow 
quadrangle  their  identification  seems  positive,  and  there  is  some 
evidence  for  believing  that  the  Fort  Scott  C* Oswego")  extends 
across  the  northern  part  of  the  quadrangle.  The  limestone  150 
feet  below  the  Fort  Scott,  on  the  other  hand,  appears  to  thin  out 
or  else  is  represented  only  by  a  ''limy  shell"  (thin  lunestone  parting 
in  the  shale).  Toward  the  south  both  of  these  bods  are  probably 
absent  or  are  represented  only  by  thin  ''lime  shells." 

The  Morrow  and  Pitkin  limestones  of  the  Glenn  pool  are  pene- 
trated by  three  wells  in  the  Bristow  quadrangle — in  sec.  1,  T.  16  N., 
R.  9  E.  (see  log,  p.  97),  sec.  6,  T.  16  N.,  R.  10  E.  (see  log,  p.  98), 
and  sec.  32,  T.  17  N.,  R.  10  E.  (see  log,  p.  99).  West  of  these 
localities  no  weUs  are  deep  enough  to  reach  these  beds.  The  three 
wells  mentioned  have  not  penetrated  below  the  Pitkin  limestone, 
and  hence  there  is  no  evidence  as  to  the  presence  or  absence  of  the 
Boone  limestone  ("Mississippi  lime"). 

The  productive  oil  and  gas  sands  of  this  general  region  have  con- 
siderable stratigraphic  range.  The  Cherokee  formation,  which  lies 
above  the  Morrow  formation  and  below  the  Fort  Scott  ("Oswego") 
limestone,  contains  in  descending  order  the  Red  Fork,  Glenn,  Taneha, 
and  Scott  sands  of  the  Glenn  pool  region  (the  Scott  is  considered  by 
many  oil  men  to  be  the  equivalent  of  the  Rhodes  and  Dutcher 
sands),  and  the  BartlesviUe  and  Tucker  sands  of  the  Gushing  field. 
The  Layton  and  probably  the  Wheeler  sands  of  the  Gushing  field  lie 
above  the  Cherokee  shale.  So  far  as  well  records  show,  all  these 
sands  are  more  or  less  lenticular,  varying  in  thickness  from  place 
to  place  and  dividing  or  even  thinning  out  completely.  In  some 
places  they  are  distinct  beds  and  are  separated  from  one  another  by 
shale  beds  of  nearly  imiform  thickness.  In  other  places,  however, 
the  oil  sands  are  less  distinct  and  are  interbedded  with  other  sands 
that  are  not  known  to  bear  either  oil  or  gas.  Conditions  such  as 
these  make  it  difficult  and  in  places  impossible  to  correlate  the 
sands  from  one  well  to  another  unless  the  weUs  are  close  together. 
The  inaccuracy  of  many  well  logs  greatly  increases  this  difficulty. 

The  Red  Fork  sand  of  the  Glenn  pool  region  extends  westward 
into  the  Bristow  quadrangle.    It  is  found  at  a  depth  of  2,115  feet 

I  Smith,  C.  D..  The  Glenn  oil  and  gas  pool  and  Tiobiity,  Okla.:  U.  8.  Oeol.  Survey  Boll.  6U,  p.  ao  >d^ 
croM  SMtiona  oT  pi.  3, 1914. 
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in  the  well  in  sec.  32,  at  2,100  feet  in  the  well  in  sec.  20,  and  at  2,055 
feet  in  the  well  in  sec.  30,  T.  17  N.,  E.  10  E.;  at  2,275  feet  m  a  well 
in  sec.  6^  T.  16  N.,  R.  10  E.;  and  at  2,344  feet  in  sec.  1,  T.  16  N.,  R.  9 
£•  In  the  logs  of  all  these  wells  the  sand  is  reported  to  contain  oil 
and  gas  but  not  in  paying  quantities.  West  and  southwest  of  these 
wells  there  is  much  uncertainty  in  correlation,  and  the  extent  of 
the  Red  Fork  sand  in  this  direction  is  not  known. 

The  Glenn  sand,  so  far  as  well  records  show,  is  comparatively 
thick  in  the  northeastern  part  of  the  Bristow  quadrangle,  but  to 
the  west  it  thins  rapidly.  It  is  possibly  the  producing  sand  at  a 
depth  of  about  2,500  feet  in  a  few  oil  and  gas  wells  several  miles 
south  of  the  town  of  Bristow. 

The  Taneha  sand,  which  lies  100  or  more  feet  below  the  Glenn,  is 
probably  very  thin  or  else  absent  iu  the  Bristow  quadrangle. 

The  Scott  (Rhodes  and  Dutcher)  sand,  which  lies  a  short  distance 
below  the  Taneha,  is  the  producing  sand  in  the  Scott  pool,  south  of 
KeUyville,  a  few  miles  east  of  the  Bristow  quadrangle.  It  is  probably 
a  lenticular  bed  and  absent  in  most  of  the  wells  in  the  quadranglci 
although  they  have  penetrated  its  horizon  about  100  feet  above  the 
Morrow  formation. 

The  Mounds  sand,  which  is  the  producing  sand  south  of  the  Glenn 
pool,  near  the  town  of  Moimds,  lies  in  the  Fayetteville  formation, 
below  the  Pitkin  limestone.  As  no  wells  in  the  Bristow  quadrangle 
have  passed  through  this  limestone,  there  is  no  evidence  regarding 
the  presence  or  absence  of  the  sand  within  the  quadrangle. 

OIL  Aim  GAS  8AVD8  OF  THE  OTTBHIVO  TOLD. 

The  Layton  sand  of  the  Gushing  field  extends  into  the  Bristow 
quadrangle,  but  it  does  not  appear  to  be  a  well-defined  bed  that  can 
fdways  be  recognized  by  the  drillers.  Failure  to  recognize  this 
sand  may,  however,  be  due  to  the  fact  that  it  carries  no  oil  where 
penetrated  in  the  Bristow  quadrangle. 

The  Wheeler  sand  of  the  Gushing  field,  according  to  Buttram,^  is 
a  porous  limestone  that  has  been  considered  to  be  the  Fort  Scott 
limestone  (''Oswego  lime'O  or  its  equivalent.  As  the  Fort  Scott 
limestone  is  believed  to  be  present  in  some  places  in  the  northern 
part  of  the  Bristow  quadrangle,  the  Wheeler  sand,  its  probable 
equivalent,  should  also  be  considered  as  present. 

The  Bartlesville  sand,  which  is  the  most  productive  sand  in  the 
Gushing  field,  appears  to  thin  considerably  to  the  east,  where  it 
enters  the  Bristow  quadrangle.  This  thinning  and  the  fact  that 
it  is  not  paraUeP  to  the  surface  rocks  in  the  Gushing  field  make 

the  recognition  of  the  Bartlesville  sand  in  the  wells  of  the  Bristow 

»^— ^^^— ^^.^■^■^j^— ^^^— ^^— ^■^^— — ^— ^^— ^^»^^-^»^^^      — .^-^^^^^^^— —  ■    11^^^— ^i^^^^^  1^ 

1  Buttnin,  Frank,  The  Gushing  oil  and  gas  fleld,  Okla.:  Oklahoma  Oeol.  fiurrey  Bull.  18,  p.  41, 1914. 
*  Idicou  This  is  clearly  brooght  oat  by  comparing  Buttmm's  plates  1  and  11. 
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region  somewhat  uncertain.  From  the  meager  information  to  which 
the  writer  has  access  this  lack  of  parallelism  seems  to  be  most  pro- 
nounced below  the  Layton  sand.  Owing  to  the  thinning  of  the 
BartlesviUe  toward  the  east,  it  can  not  be  differentiated  by  its 
thickness  from  several  other  sands  that  are  recorded  at  about  the 
same  position  in  the  well  logs  of  the  Bristow  quadrangle,  and  hence 

there  is  no  means  by  which  it  may  be  certainly  recognized  in  this 
region. 

The  opinion  is  prevalent  among  many  oil  men  that  the  BartlesviUe 
sand  of  the  Gushing  field  is  the  same  as  the  Glenn  sand  of  the  Glenn 
pool.  This  opinion  no  doubt  is  due  to  the  fact  that  these  sands  were 
among  the  most  productive  in  their  respective  fields.  If  they  are  the 
same  it  should  be  expected  that  the  area  between  the  Gushing  field 
and  the  Glenn  pool,  principally  the  northern  part  of  the  Bristow 
quadrangle,  would  furnish  the  proof.  But  as  indicated  above,  the 
thinning  of  the  Glenn  sand  to  the  west  and  of  the  BartlesviUe  to  the 
east  and  the  lack  of  parallelism  between  the  BartlesviUe  and  the 
overlying  beds  fiunish  little  evidence  in  support  of  this  contention. 

The  Tucker  sand  of  the  Gushing  field  does  not  appear  to  be  a  regu- 
lar and  well-defined  bed,  and  the  name  seems  to  be  more  or  less 
loosely  applied.  Where  an  oil-bearing  sand  is  found  beneath  the 
BartlesviUe,  it  is  caUed  the  Tucker  without  much  regard  as  to  the 
distance  between  them. 

8TBUCTX7BB. 
DBFINTnON. 

To  many  the  term  '' structure ''  as  used  in  oil  reports  has  a  vague 
meaning  and  is  frequently  misimderstood.  It  pertains  to  the  posi- 
tion or  lay  of  the  rock  beds  and  not  to  their  composition  or  to  the 
material  which  they  may  contain.  Stratified  rocks,  like  those  of  the 
Bristow  quadrangle,  lie  in  layers,  one  upon  another  in  a  manner 
somewhat  similar  to  the  leaves  of  a  book.  The  rock  layers,  however, 
are  not  of  uniform  thickness,  like  the  leaves  of  a  book;  they  thicken 
and  thin  and  may  even  pinch  out.  Rock  layers  that  lie  horizontal, 
like  the  leaves  of  a  flat-lying  book,  are  said  to  have  flat;  level,  or 
horizontal  structure.  The  surface  of  the  earth  above  such  flat-lying 
rocks,  on  the  other  hand,  may  be  very  far  from  flat  or  horizontal, 
being  cut  up  into  hills  and  vaUeys. 

Few  of  the  rock  layers  of  the  earth,  however,  lie  flat;  most  of 
them  are  inclined  or  tUted,  folded,  broken,  or  upttuned  (vertical), 
and  the  structure  of  such  layers  is  said  to  be  inclined  (dipping  or 
monoclinal),  folded  (anticlinal,  domal,  or  synclinal),  faulted,  or 
vertical,  as  the  case  may  be.  The  same  rocks  may  be  horizontal  in 
one  locality  and  inclined,  folded,  or  faulted  in  another.  An  upfold 
or  arch  of  the  beds  is  an  anticline  and  a  downfold  or  trough  is  a 
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syncEne.  These  features  also  as  a  rule  do  not  correspond  with  the 
surface  features,  for  anticlines  (upfolds)  may  occur  beneath  valleyB 
in  the  hills  and  ridges,  or  on  the  slopes  between  hills  and  valleys,  or 
they  may  even  cross  from  the  highlands  into  the  lowlands.  Syn- 
clines  (downfolds)  in  like  manner  may  occur  beneath  either  hills  or 
valleys  or  may  extend  across  both  hilb  and  valleys. 

By  structure,  then,  is  meant  the  general  position  in  which  the  rock 
layers  he.  Petroleum  geologists  often  use  the  term  in  a  slightly 
dUSTerent  sense;  they  speak  of  a  "structure"  in  some  particular 
locality  when  in  reality  they  mean  a  structural  feature  of  a  particular 
kind,  as  an  anticline  or  dome  or  a  feature  of  some  other  type  that  is 
favorable  for  the  accumulation  of  oil  and  gas.  The  term  should 
preferably  be  confined  to  its  general  meaning — that  is,  it  should  be 
used  as  an  abstract  term,  like  stratigraphy  or  topography,  and  of 
course  in  that  sense  the  plural  ''structures"  would  be  as  inadmissible 
as  ''stratigraphies." 

REGIONAL  8TBUCTUBE. 

Considered  in  a  broad  way,  the  rock  beds  of  northeastern  Oklahoma 
dip  or  descend  westward  at  a  very  low  angle.  In  the  Bristow  quad- 
rangle the  dip  is  slightly  north  of  west  and  amoimts  to  about  50 
feet  to  the  mile,  or  a  little  more  than  half  a  degree.  As  the  surface 
of  the  quadrangle  slopes  slightly  eastward — that  is,  in  a  direction 
opposite  to  the  dip  of  the  rocks — the  rock  beds  where  they  come  to 
the  surface  are  beveled  at  a  very  low  angle  and  their  outcrops  extend 
in  belts  running  in  a  general  way  from  south  to  north.  The  rocks 
that  are  stratigraphically  the  lowest,  therefore,  crop  out  at  the  east 
side  of  the  quadrangle,  and  each  succeeding  belt  of  outcrops  from  east 
to  west  represents  in  general  beds  younger  and  higher  in  the  strati- 
graphic  section.  However,  the  westward  slope  of  the  rock  beds  is 
not  imiform;  it  is  modified  by  variations  in  the  rate  of  dip,  local 
folds,  and  small  faults,  all  of  which  are  represented  on  Plate  IV  by 
structure  contours.  As  the  dip  is  generally  westward,  dips  to  the 
east  are  imcommon  and  are  locally  referred  to  as  reverse  dips. 
Accumulations  of  oil  and  gas  are  generally  found  in  close  relation  to 
local  irregularities  in  the  general  structure  of  a  region,  and  it  is  to 
such  folds  and  irregularities  that  attention  will  be  principally  directed 
in  this  paper. 

FIELD   METHODS  OF  DETEBMINING  ISTECTCTUIIE. 

The  topographic  map  of  the  Bristow  quadrangle  made  by  the 
United  States  Geological  Survey  in  1914  and  1915,  in  cooperation 
with  the  Oklahoma  Geological  Survey,  was  used  as  the  base  on  which 
aU  the  geologic  observations  were  plotted.  The  stinicture  was 
determined  by  locating  on  the  map  and  determining  the  altitude  of 
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the  outcrops  of  numerous  specific  rock  layers,  among  which  are  the 
Elgin  and  Tiger  Creek  sandstones  and  the  Dewey  limestone,  described 
on  preceding  pages.  Almost  all  the  contacts  of  shale  and  sandstope 
that  may  be  seen  in  this  region  and  could  be  traced  for  even  a  mile 
or  two  were  used  in  determining  the  structure.  Because  the  several 
contacts  of  sandstone  and  shale  can  not  be  differentiated  from  one 
another  lithologically,  it  was  necessary,  in  order  not  to  confuse  one 
with  another,  to  traverse  the  entire  outcrop  of  every  such  contact 
traced.  Although  this  was  an  extremely  slow  and  tedious  method, 
it  was  the  only  one  that  was  at  all  reliable,  and  even  it  is  not  con- 
sidered infallible  for  this  region.  Local  stratigraphic  sections  were 
measured  wherever  several  successive  beds  were  exposed,  and  these 
were  helpful  as  a  check  to  the  tracing  of  the  various  beds. 

The  accuracy  of  determinations  of  altitude  demanded  by  the 
present-day  standards  of  geologic  work  requires  the  use  of  a  spirit 
level  or  refined  vertical-angle  determinations.  The  latter  method 
was  prohibited  by  the  thick  timber  of  the  country,  and  although 
spirit-level  determinations  could  have  been  made  the  denseness  of 
the  timber  would  have  made  it  impossible  to  take  sights  averaging 
more  than  200  or  300  feet  in  length,  and  for  that  reason  this  method 
was  considered  too  slow  and  altogether  impracticable.  In  deter- 
mining the  altitude  of  the  beds  the  aneroid  barometer  was  the 
principal  instrument  used.  Many  of  the  altitudes  so  determined 
were  checked  by  hand  leveling,  which  was  done  wherever  practicable. 
To  indicate  the  great  care  used  in  the  determinations  it  seems 
advisable  to  describe  the  method  in  detail.  The  barometer  is  set  at 
some  point  whose  exact  altitude  is  given  on  the  topographic  map  or 
indicated  on  the  ground  by  a  bench  mark,  and  the  time  of  setting 
the  barometer  is  noted.  The  rock  outcrops  whose  altitudes  are  to  be 
determined  are  then  visited,  and  the  altitudes  as  given  by  the  aneroid 
barometer,  together  with  the  time  of  each  reading,  are  recorded.  As 
soon  thereafter  as  possible  the  barometer  is  checked  on  the  original 
or  some  other  accurately  determined  point.  If  the  reading  of  the 
barometer  shows  any  discrepancy  from  the  true  altitude  at  this 
point,  discrepancies  probably  also  exist  in  the  altitudes  as  read  on 
the  outcrops.  The  readings  are  then  adjusted  according  to  the  time 
which  has  elapsed  between  the  original  setting  of  the  barometer  and 
each  reading.  The  time  that  elapsed  between  the  setting  and 
checking  of  the  barometer  in  such  traverses  ranged  between  half  an 
hour  and  two  hours.  If  the  atmospheric  pressure  has  been  constant 
or  has  been  changing  at  a  imif orm  rate,  the  altitudes  thus  determined 
may  be  considered  as  approximately  correct.  If  at  some  subsequent 
time  an  outcrop  ia  again  visited;  a  second  reading  is  taken  to  check 
the  original.  Should  such  a  check  reading  not  accord  with  the 
original  determined  altitude  within  a  few  feet,  or  should  the  geologist 
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have  any  reason  for  suspecting  any  appreciable  error  in  the  determi^ 
nation,  tiie  work  is  done  over  until  there  is  a  reasonable  check  and 
the  determinations  can  be  considered  approximately  correct.  Many 
determinatiolis  of  altitude  have  been  checked  within  a  few  feet  as 
many  as  three  or  four  times.  Such  checking  and  recheddng  leaves 
but  little  chance  for  errors  of  any  appreciable  size.  The  checking 
has  been  particularly  careful  in  the  areas  of  the  anticlines  and  faults. 

METHOD  OF  REPBESENTIXG  STRUCTURE. 

The  most  practicable  method  of  representing  geologic  structure  on 
a  map  is  by  means  of  structure  contours.  A  structure  contour  is  a 
line  connecting  all  points  ^n  the  key  bed  to  which  it  refers  that  have 
the  same  altitude.  For  instance,  the  400-foot  contour  on  Plate  IV 
shows  the  line  along  which  the  base  of  the  Tiger  Creek  sandstone  is 
400  feet  above  sea  level,  and  in  like  manner  the  410-foot  contour 
indicates  an  altitude  of  410  feet,  and  the  390-foot  contour  an  altitude 
of  390  feet.  The  "contour  interval"  (the  vertical  distance  between 
the  altitudes  represented  by  adjacent  contours)  used  on  Plate  IV  is 
10  feet.  It  is  possible  to  determine  from  the  spacing  of  the  contours 
the  shape  or  lay  of  the  key  rock  to  which  they  refer.  Where  the 
contours  are  dose  together,  the  dip  is  greater  than  where  they  are 
widely  separated. 

Inasmuch  as  the  Tiger  Creek  sandstone  crops  out  over  a  relatively 
small  part  of  the  region  its  altitude  in  localities  west  of  its  area  of 
exposure  must  be  computed  by  adding  or  subtracting,  as  the  case 
may  be,  its  distance  below  or  above  the  other  outcropping  geologic 
contacts  which  were  traced  and  whose  altitude  was  determined.  In 
thus  computing  the  altitude  of  the  base  of  the  Tiger  Creek  sandstone 
over  the  region  it  must  necessarily  be  assumed,  in  the  absence  of 
evidence  to  the  contrary,  that  the  intervals  between  the  base  of  the 
sandstone  and  each  succeeding  bed  are  the  same  imdergroimd  as  at 
the  surface,  where  they  can  be  determined.  However,  it  is  almost 
certain  that  these  intervals  are  not  constant.  Well  logs,  if  they 
recorded  the  Tiger  Creek  sandstone,  would  be  a  great  help  in  deter- 
mining the  accuracy  of  the  computed  altitudes  on  this  bed,  but  it 
can  be  recognized  with  some  uncertainty  in  only  one  of  the  records 
(see  log  on  p.  97)  of  the  eight  wells  which  penetrate  its  horizon  in  the 
northern  part  of  the  Bristow  quadrangle. 

As  already  described  most  of  the  sandstones  and  shales  vary  in 
thickness  from  place  to  place  along  their  outcrops.  This  is  well 
illustrated  by  Plate  V.  If  the  thicknesses  of  individual  beds  are  not 
constant  at  the  surface  it  is  presumable  that  they  are  also  not  con- 
stant beneath  the  surface,  and  hence  that  the  distances  between  the 
several  beds  and  the  Tiger  Creek  sandstone  may  be  variable  from 
place  to  place.    Nevertheless,  it  is  beUeved  that  as  a  whole  the  strata 
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in  this  region  obey  the  general  law  of  sedimentary  deposits,  the  local 
irregularities  compensating  one  another,  in  effect,  so  that  the  beds 
in  tiie  aggregate  are  parallel  except  in  so  far  as  a  regional  separation 
or  convergence  in  some  direction  is  caused  by  thickening  or  thinning 
of  some  member  or  group  in  that  direction.  However,  on  account  of 
this  variability  of  individual  beds  in  their  areas  of  exposure,  and 
because  it  is  not  possible  to  check  the  elevation  of  the  base  of  the 
Tiger  Creek  sandstone  by  well  records,  the  computed  structure  as 
shown  by  Plate  IV  must  be  considered  as  only  approximately  correct. 

CATFISH  ANTICIJKES. 
SOUTH  OATFZSK  AVTZOIIHX. 

In  the  west-central  part  of  the  Bristow  quadrangle,  extending  from 
sees.  28  and  29,  T.  17  N.,  R.  8  E.,  southward  to  sees.  33  and  34, 
T.  16  N.,  R.  8  E.,  is  an  area  where  there  is  considerable  folding  and 
extensive  faulting.  In  this  area  a  short  anticline,  here  called  the 
South  Catfish  anticline,  extends  from  the  NW.  J  sec.  16  to  the  NW.  { 
sec.  9,  T.  16  N.,  R.  8  E.  The  reverse  (eastward)  dips  that  mark  one 
side  of  this  fold  are  seen  in  the  rocks  that  lie  between  the  valley  of 
Catfish  Creek  and  the  fault  that  crosses  sees.  9  and  15.  The  east- 
ward descent  of  the  beds,  which  ranges  from  10  to  90  feet  or  more, 
according  to  location  along  thd  fold,  can  be  determined  only  by  ob- 
taining the  altitudes  of  the  same  beds  on  the  opposite  side  of  the  val- 
ley. The  beds  were  correlated  by  tracing  those  on  the  east  side  north- 
ward and  across  the  valley  and  then  southward  on  the  west  side  of 
the  valley.  The  fault  in  sees.  9  and  15,  the  downthrow  of  which  is 
on  the  west  side,  is  probably  the  cause  of  most  of  the  easterly  dip  in 
the  southern  part  of  sec.  9  and  the  northern  part  of  sec.  16.  As  the 
westward  dip  on  the  west  side  of  the  anticline  was  observed  as  far 
east  as  the  west  side  of  sees.  9  and  16,  the  crest  is  located  somewhat 
farther  east  in  a  place  where  there  are  few  if  any  rock  outcrops.  Be- 
cause of  the  lack  of  outcrops  the  details  of  configuration  of  the  anti- 
clinal crest  can  not  be  determined. 

The  southward  extension  of  the  anticline  into  sec.  16  is  inter- 
rupted by  another  fault  with  a  northwesterly  trend.  The  east  flank 
of  the  anticline  continues  without  interruption  for  some  distance 
along  the  northeast  side  of  this  fault,  as  shown  by  the  dip  of  the  rocks 
lying  between  this  fault  and  Catfish  Creek,  in  the  S.  ^  sec.  16.  The 
north  end  of  the  anticline  plunges  gently. 

The  possibilities  of  finding  oil  and  gas  in  this  anticline  are  discussed 
on  pages  89-90. 

VOaTH  OATFIBH  AVTiouars. 

North  of  the  South  Catfish  anticline  is  another  fold,  the  North 
Catfish  anticline,  which  is  terminated  on  the  south  by  the  fault  that 
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crosses  sec.  6,  T.  16  N.,  R.  8  E.  This  fold  is  not  symmetrical  but 
pitches  northward  until  it  merges  into  the  regional  westward  dip  in 
sees.  28  and  29,  T.  17  N.,  R.  8  E.    The  eastward  dip  on  this  anti- 
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WmxraM  16.~8ketch  map  showlxig  location  of  axes  of  Oatflah  anticlines  and  the  anticlines  of  the  Gushing 

oil  and  gas  field,  Oklahoma. 

dine  is  slight  in  sec.  28  and  the  northern  part  of  sees.  32  and  33,  but 
in  the  southern  part  of  sec.  32  the  upfolding  of  the  upthrown  block 
of  the  fault  to  the  south  is  noticeable,  and  in  the  northeastern  part  of 
sec.  6  and  the  northwestern  part  of  sec.  4  the  maximum  eastward 
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dip  is  reached.    This  reverse  dip  extends  eastward  to  the  syndine  in 
sec.  4,  T.  16  N.,  R.  8  E.,  and  sec.  33,  T.  17  N.,  R.  8  E. 

The  possibihties  of  finding  oil  and  gas  in  this  anticline  are  discussed 
on  page  90. 

BELA.TZON  TO  OITSHIVO  ABTZCLZHXB. 

The  combined  extent  of  the  North  and  South  Catfish  anticlines  is 
about  4  miles,  and,  if  taken  together,  they  are  comparable  in  size  to 
some  of  the  Gushing  anticlines.  They  lie  but  6  miles  east  of  the 
Shamrock  dome  and  its  probable  extension  south  of  the  area  mapped 
by  Buttram  ^  in  the  Ciishing  field  and  have  approximately  the  same 
trend.     (See  fig.  16.) 

Because  of  this  close  proximity  and  similar  trend,  and  because  the 
combined  extent  of  the  two  anticlines  is  similar  to  that  of  some  of 
the  Gushing  anticlines,  it  seems  reasonable  to  suppose  that  the  Gat- 
fish  anticlines  were  formed  at  the  same  time  and  under  the  same  con- 
ditions as  the  Gushing  group  of  anticlines. 

MINOB  ANTICLINES. 

Scattered  over  the  remainder  of  the  area  considered  in  this  report 
are  a  few  small  anticlines  that  appear  to  be  the  result  of  downfolds 
in  the  otherwise  northwestward-sloping  beds,  formed  by  local  folding 
that  accompanied  drop  faulting,  especially  where  the  down-dropped 
block  is  on  the  southwest  side.  Such  an  anticline  is  mapped  in  sec. 
18,  T.  17  N.,  R.  10  E.  The  folding  was  caused  by  the  same  fault 
movement  that  produced  the  larger  or  eastern  fault.  There  is  little 
doubt  as  to  the  fold  in  the  northwest  quarter  of  this  section,  but  as  it 
enters  the  valley  in  the  southwest  quarter  the  structure  as  portrayed 
on  Plate  IV  may  be  questioned.  The  structure  in  this  quarter  sec- 
tion is  represented  as  an  extension  of  that  to  the  northeast,  but  this 
may  not  be  the  true  condition,  for  it  is  possible  that  a  fault  exists  in 
this  valley,  and,  if  so,  the  fold  in  the  northwest  quarter  must  be 
abruptly  terminated. 

Other  small  anticlines,  which  appear  to  be  due  to  similar  folding 
that  accompanied  fault  movements,  are  present  in  the  NW.  {  sec. 
21,  T.  17  N.,  R.  8  E.;  sec.  14,  T.  17  N.,  R.  8  E.;  sec.  30,  T.  17  N.,  R. 
9  E.;  the  southwestern  part  of  sec.  1  and  the  northern  part  of  sec.  12, 
T.  16  N.,  R.  9  E.;  and  sec.  22,  T.  16  N.,  R.  8  E.  Folds  of  a  similar 
nature  are  mapped  in  sees.  11  and  12,  T.  17  N.,  R.  8  E.,  but  as  the 
field  evidence  in  these  localities  is  not  conclusive  the  folds  are  shown 
on  the  map  by  dashed  contours. 

The  possibilities  of  finding  oil  and  gas  in  these  minor  anticlines  are 
discussed  on  pages  90-92. 

1  Buttnm,  Frank,  op.  oit.,  pi.  1. 
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FAULTS. 

The  faults  of  the  Bristow  quadrangle  are  in  general  parallel  and 
trend  approximately  N.  30°  W.  They  are  all  of  minor  magnitude, 
both  in  vertical  displacement  and  areal  extent;  the  largest  strati- 
graphic  throw  is  about  130  feet  and  the  greatest  length  is  about  3i 
miles.  The  faults  are  roughly  grouped  in  belts  that  cross  the  country 
approximately  parallel  to  the  strike  of  the  rock  beds. 

In  this  region,  where  the  rock  outcrops  are  so  poor  and  unsatis- 
factory for  detennining  the  details  of  the  geologic  structure,  it  may 
be  well  to  describe  briefly  the  criteria  upon  which  the  mapping  of 
the  faults  is  based.  The  best  evidence^  which  at  the  same  time  is 
the  most- unusual,  consists  in  slickensided  faces  of  sandstone  outcrops. 
Plate  VT  shows  the  most  prominent  of  such  slickensided  fault  planes 
observed  in  the  region.  At  most  places  such  exposures  are  very 
small  and  stand  but  a  foot  or  two  above  the  surface.  An  intermit- 
tent row  of  such  outcrops  marks  the  course  of  a  fault  with  certainty. 
As  mentioned  above,  however,  such  exposures  are  exceptional. 
Moreover,  they  are  limited  to  places  where  sandstone  and  shale  are 
on  opposite  sides  of  the  fault  plane  and  the  shale  has  been  eroded, 
the  sandstone  being  left  standing  above  the  adjacent  surface. 

The  fault  movements  sheared  the  rocks  adjacent  to  the  fault 
planes  in  a  zone  several  feet  thick.  The  fractures  in  these  shear 
zones  have  subsequently  been  filled  by  veinlets  of  siliceous  or  cal- 
careous material,  and  these  veined  shear  zones  are  to  be  seen  at  many 
places  where  the  slickensided  fault  planes  are  not  exposed.  Moreover, 
they  are  exposed  where  the  opposite  sides  of  the  fault  consist  of  sand- 
stone. 

Another  method  of  detecting  faults  is  by  the  discordance  of  beds 
on  the  two  sides  of  the  fault,  an  unsatisfactory  method  where  there 
are  no  good  horizon  markers,  as  in  areas  where  shale  is  the  surface 
rock.  Still  another  method,  the  discrepancy  in  the  position  of  con- 
tour lines  as  determiaed  from  the  evidence  in  hand,  was  employed 
in  locating  a  supposed  fault  in  an  area  of  no  outcrops  in  sec.  12, 
T.  17  N.,  R.  8  E. 

The  slickensided  surfaces  developed  in  sandstone  represent  the 
positions  of  the  fault  planes.  The  plane  of  the  fault  in  the  north- 
central  part  of  sec.  5,  T.  16  N.,  R.  8  E.,  is  thus  indicated  as  dipping 
60°  SW.  As  the  dropped  block  is  in  the  direction  of  the  dip  of 
the  fault  plane,  the  fault  is  of  the  normal  type.  The  same  is  true 
of  the  fault  in  the  NE.  {  SW.  {  sec.  15,  T.  16  N.,  R.  8  E.,  which  dips 
55°  SW. 

There  is  no  direct  evidence  that  thrusting  has  taken  place  along 
any  of  the  faults,  nor  do  any  of  the  structural  features  suggest 
thrust  faulting,  and  hence,  without  evidence  to  the  contrary,  all  the 
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faults  will  be  considered  normal.  The  dip  of  the  fault  planes  prob- 
ably varies. .  At  some  places  it  is  probably  greater  than  60**  and  at 
other  places  less  than  55^,  which  are  the  measured  dips  at  the  locali- 
ties mentioned  above.  It  is  probable  that  the  individual  fault  planes 
change  in  dip  from  place  to  place.  Those  faults  whose  traces  are 
not  altogether  straight  but  are  more  or  less  curved  or  bowed  as 
shown  on  Plate  IV  may  have  these  irregular  courses  because  of  varia- 
tion in  dip. 

A  feature  of  several  of  the  faults,  the  significance  of  which  has  not 
been  determined,  is  the  relation  of  the  buckling  of  the  strata  on  the 
up  thrown  and  downthrown  sides.  As  illustrated  in  figure  17,  the 
beds  on  the  upthrown  side  are  sharply  upturned  near  one  end  of  the 


FiQTTBE  17.— Sketch  of  a  faulted  sandstone  bed  showing  the  npthrown  block  (far  side)  sharply  turned 
down  at  the  northwest  end  of  the  fault  and  the  downthrown  block  (nea^  side)  sharply  turned  up  at 
the  southeast  end  of  the  fault. 

fault  and  those  of  the  downthrown  side  are  sharply  downfolded  near 
the  other  end.  This  relation  is  indicated  on  the  structure  contour 
map  (PI.  IV)  by  the  bimching  of  the  contours  on  opposite  sides  of 
the  faults  near  the  opposite  ends  of  the  displacements.  Most  of  the 
faidts  represented  on  Plate  IV  show  this  feature. 

The  contouring  of  the  structure  in  the  northern  and  eastern  parts 
of  sec.  3,  T.  17  N.,  R.  8  E.,  is  subject  to  doubt.  There  is  some 
evidence  of  a  fault  here,  but  no  faults  are  represented  on  the  map. 
Because  of  the  doubt  as  to  the  real  structure  in  this  place,  the  con- 
touring of  the  valley  region  to  the  north,  in  sees.  34  and  35,  T.  18  N., 
R.  8  E.,  must  also  be  considered  doubtful. 

The  oil  and  gas  possibilities  of  the  faults  are  considered'  on 
pages  88  and  92. 
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BELIABILnT  OF  THE  REPRESENTATION'  OF  STRUCTURE  IN  THE  ABSENCE 

OF  ACCURATE  WELL  RECORDflU 

The  representation  of  the  structure  on  Plate  IV  is  dependent  on 
the  visible  evidence  as  to  the  structure  of  the  surface  rocks.  In 
many  places  the  information  thus  obtained  is  meager  and  not  abso- 
lutely reUable.  Nevertheless,  the  results  here  given  represent  much 
painstaking  work,  the  relative  reUability  of  which  in  different  parts 
of  the  region  is  shown  by  solid  and  dashed  contours. 

As  the  contouring  of  the  structure  of  the  Tiger  Creek  sandstone 
over  a  large  part  of  the  region  is  based  on  the  structure  of  its  overlying 
and  underlying  strata,  which  form  the  surface  rocks,  the  actual 
configuration  of  this  sandstone  may  vary  considerably  from  the 
configuration  as  represented  on  the  map.  However,  no  other  method 
of  determining  the  structure  is  possible  luitil  numerous  accurate 
well  records  are  available  to  furnish  more  reliable  information, 
which  can  be  used  as  a  check  on  the  calculated  intervals  between  the 
strata  used  in  this  provisional  mapping. 

The  importance  of  accurate  well  records  for  determinations  of 
structure  can  not  be  overstated.  They  give  the  most  reliable  and 
in  many  places  the  only  clue  as  to  the  actual  conditions  beneath  the 
surface.  The  value  of  reUable  knowledge  concerning  the  under- 
ground strata  for  the  sjBtematic  development  of  any  property  is 
being  more  fuUy  recognized  by  many  of  the  oil  and  gas  producers, 
but  as  yet  there  has  been  no  corresponding  or  really  satisfactory 
advance  in  the  reliability  of  the  logs  kept  by  many  of  the  drillers. 

Limestones  and  producing  sands  are  the  best  key  rocks  to  be  re- 
corded in  well  logs,  and  their  depth  and  thicknesses  should  be  deter- 
mined by  steel-line  measurements.  A  statement  in  a  well  record  of 
every  such  steel-line  measurement  insures  greater  usefulness  for  the 
data  and  far  greater  confidence  theteia  on  the  part  of  the  engineer 
and  geologist.  Steel-line  measurements  should  not  be  limited  to 
limestones  and  producing  sands;  they  shoidd  be  made  to  other  beds 
also,  to  check  the  measurements  made  by  the  driUing  cable.  The 
habit  of  estimating  depths  and  thicknesses  of  strata  by  drillers, 
however  proficient  they  may  be,  shoidd  be  unqualifiedly  condemned, 
as  should  also  their  identification  of  the  strata  they  are  drilling  by 
the  feel  of  the  cable  or  the  rate  at  which  the  drill  is  progressing. 
By  this  method  hard  sand  is  very  often  recorded  as  limestone  and 
soft  sand  as  shale.  Many  other  discrepancies  also  appear  that 
could  be  eliminated  by  an  examination  of  the  drill  cuttings.  The 
great  discrepancies  so  frequently  to  be  noted  in  logs  of  neighboring 
wells,  which  should  in  fact  be  very  similar,  shows  how  prevalent 
this  habit  is  and  how  little  value  £9  placed  by  the  driller  on  data  that 
may  be  of  the  greatest  importance  to  the  operator  in  determining 
the  structure  and  selecting  sites  for  subsequent  drilling. 
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PROSPECTIVE  Olli  ANB  OAS  AREAS. 

OEOLOOIC  FEATTJBEI3  OOVEBNINa  THE  OCCUBBENCE  OF  OIL  AND 

OAS. 

The  geologic  features  that  affect  the  accumulation  of  oil  and  gas 
may  be  divided  into  two  general  classes — those  which  can  be  deter- 
mined at  the  surface  and  those  which  are  due  to  local  conditions 
beneath  the  surface.  Those  features  which  can  be  determined  at  the 
surface  are  structural  in  nature  and  consist  of  rock  folds  (anticlines, 
domes,  etc.)  and  faults. 

Accumulations  of  oil  and  gas  in  rock  folds  are  generally  situated  at 
the  crests,  and  the  crests  are  therefore  the  more  favorable  localities 
for  testing  folds.-  Faults,  on  the  other  hand,  may  or  may  not  affect 
the  accumulation  of  oil  and  ga»  by  sealing  the  oil  and  gas  bearing 
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FiouBi  18.— DitMn^mniAtlc  cross  section  showing  (at  ^)  an  aocamulation  of  oil  and  gas  caused  bya 
fault  and  (at  B)  a  possible  condition  under  which  a  fault  may  not  cause  oil  and  gas  to  accumulate. 

sands  which  they  break.  Where  a  fault  cuts  a  rising  oil  and  gas 
bearing  sand,  the  fault  may  seal  the  &and  in  such  a  way  that  the 
oil  and  gas  are  arrested  in  their  upward  journey  and  caused  to  accumu- 
late. The  lower  sand  at  ^  in  figure  18  illustrates  such  a  case.  A 
shale  bed  brought  opposite  the  broken  end  of  a  sand  bed  is  probably 
the  most  effective  method  of  sealing  it.  This,  however,  is  not  the 
necessary  result  of  any  fault  which  cuts  an  oil  and  gas  bearing  sand, 
for  another  sand  may  be  brought  opposite  the  first  sand,  as  is  shown 
at  -B  in  figure  18,  or  the  fault  plane  may  be  more  or  less  open,  so 
that  the  sealing  in  of  the  oil  and  gas  is  not  effected.  It  may  be  that 
a  sand  is  sealed  over  part  of  the  length  of  a  fault  and  not  over  the 
rest.  Search  for  the  sealed  portions  is  therefore  a  very  blind  process. 
Obviously  the  conditions  caused  by  a  fault  where  it  cut«  an  oil  and 
gas  bearing  sand  can  not  always  be  determined  by  an  examination 
of  the  rocks  at  the  surface. 
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Of  those  local  underground  geologic  features  which  affect  accumu- 
lations of  oil  and  gas  and  which  can  not  be  detected  by  a  study  of 
the  surface  rocks,  important  examples  are  sandstones  whose  upper 
surfaces  are  convex,  owing  to  their  lenticidar  shape  or  to  an  uncon- 
formable relation  with  the  overljring  beds;  sandstones  in  which  some 
parts  have  a  higher  porosity  than  other  parts;  and  underground 
anticlines,  domes,  and  monoclinal  folds  that  do  not  appear  in  the 
rocks  at  the  surface  because  of  imconformities  or  irregularities  in 
the  rocks  between. 

LOCALTTIES  OF  FAVORABLE  STBTTCTT7KE. 
GENERAL   CONDrTIGNS. 

Surface  indications  of  pil  and  gas,  such  as  oil  or  gas  seeps  or  asphalt 
deposits,  were  not  observed  in  the  Bristow  region.  However,  from 
the  fact  that  some  gas  and  good  showings  of  oil  have  been  found  in 
the  wells  that  have  been  drilled,  and  from  the  further  fact  that  large 
quantities  of  oil  and  gas  have  been  developed  in  the  Gushing  field, 
immediately  to  the  west,  where  favorable  geologic  structure  appears 
to  be  the  controlling  influence,  it  is  believed  that  areas  of  similar 
favorable  structure  are  likely  to  contain  paying  quantities  of  oil  and 
gas  in  the  Bristow  quadrangle. 

SOUTH  CATFISH   ANTICLINE. 

The  crest  of  the  South  Catfish  anticline  lies  in  the  western  part  of 
sec.  9  and  the  northwestern  part  of  sec.  16,  T.  16  N.,  R.  8  E.  The 
uncertainty  as  to  the  configuration  of  this  crest  and  the  presence  of 
faults  near  by  leave  some  doubt  as  to  the  best  location  for  a  test 
well.  As  the  plane  of  the  fault  to  the  east  dips  southwestward,  any 
test  well  should  probably  be  as  far  from  it  as  possible  and  yet  be 
near  the  crest  of  the  anticline.  Presumably  it  is  also  advisable  to 
keep  away  from  the  fault  in  sec.  16,  because  its  northwestern  ex- 
tremity is  not  definite.  With  the  above  factors  in  mind,  the  most 
promising  locality  appears  to  be  the  SW.  {  SW.  }  sec.  9,  T.  16  N.,  R. 
8  E.  If  oil  or  gas  in  paying  quantities  is  foimd  in  this  locality,  any 
additional  producing  territory  will  probably  include  most  of  the 
W.  J  sec.  9  except  its  northeastemmost  part,  the  E.  i  sec.  8,  the 
NE.  i  sec.  17,  and  the  NW.  J  sec.  16. 

If  a  well  is  drilled  in  the  SW.  J  SW.  J  sec.  9,  as  above  mentioned, 
the  Layton  sand,  if  it  extends  into  this  region,  will  probably  be  f  oimd 
at  about  400  feet  below  sea  level,  or  at  a  depth  of  about  1,250  to 
1,300  feet.  Inasmuch  as  the  distance  between  the  Layton  and 
Bartlesville  sands  in  the  Gushing  field  varies  from  place  to  place, 
any  estimate  as  to  the  depth  of  the  Bartlesville  may  differ  from  the 
true  depth,  if  that  sand  exists  here,  by  several  hundred  feet.  The 
distance  between  these  sands  as  given  in  the  record  of  a  well  in  sec.  10^ 
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T.  16  N.,  R.  7  E.,  is  about  1,375  feet,  and  if  this  is  the  interval  in 
the  SW.  i  sec.  9,  T.  16  N.,  R.  8  E.,  the  Bartlesville  should  be  found 
there  at  1,775  feet  below  sea  level,  or  at  a  depth  of  about  2,600  to 
2,650  feet;  but  it  may  be  necessary,  on  account  of  the  variation  in 
the  distance  between  the  sands,  to  go  several  hundred  feet  deeper. 

NORTH  CATFISH   ANTICLINE. 

The  North  Catfish  anticline  lies  in  sees.  28,  29,  32,  and  33,  T.  17  N., 
R.  8  E.,  and  in  the  northeastern  part  of  sec.  5,  T.  16  N.,  R.  8  E.,  and 
is  described  in  detail  on  pages  82-83.  As  the  highest  part  of  this 
anticline  is  adjacent  to  the  fault  in  sec.  5,  the  possible  efiFect  of  this 
fault  on  the  accumulation  of  oil  and  gas  must  be  considered.  The 
fault  plane  ma/  have  acted  as  a  channel  for  the  escape  of  any  oil  or 
gas  which  might  have  been  in  the  sands  that  were  broken,  but  no 
evidence  of  such  escape  was  observed  at  the  surface.  Oil  and  gas, 
however,  could  have  escaped  along  the  fault  plane  even  if  none 
reached  the  surface,  for  they  may  have  entered  some  other  porous 
sand  below  the  surface.  (See  fig.  18.)  If  the  fault  plane  did  not 
permit  the  escape  of  oil  or  gas  originally  confined  in  the  anticline,  it 
should  have  made  the  area  immediately  northeast  of  the  fault  a  place 
for  the  accumulation  of  any  oil  or  gas  which  the  sands  may  have  con- 
tained, by  sealing  them  in.  If  such  are  the  conditions  the  place  for  a 
well  to  obtain  the  greatest  possible  production,  provided  the  sands  are 
continuously  porous  and  well  stored,  is  at  the  highest  part  of  the  block 
on  the  northeast  side  of  the  fault,  in  the  northeastern  part  of  the  N£.  i 
NW.  i  or  the  northeastern  part  of  the  SW.  i  NE.  J  sec.  5,  T.  16  N., 
R.  8  E.  As  the  fault  plane  dips  to  the  southwest  it  will  not  be  pene- 
trated by  any  wells  drilled  to  the  northeast  of  its  trace  at  the  surface. 

If  the  fault  does  not  seal  the  sands  here  and  a  test  well  drilled  at 
this  point  proves  a  failure,  the  area*  to  the  north,  which  lies  west  of 
the  slight  reversal  of  dip,  should  not  be  condemned  but  should  be 
tested  by  a  second  well  drilled  in  the  SE.  i  sec.  32,  T.  17  N.,  R.  8  E., 
preferably  near  the  center  or  in  the  north  half  of  this  quarter  section. 

The  position  of  the  Layton  and  Bartlesville  sands  at  these  locali- 
ties— the  north-central  part  of  sec.  5,  T.  16  N.,  R.  8  E.  and  the  center 
of  the  SE.  \  sec.  32,  T.  17  N.,  R.  8  E.-^hould  be,  respectively,  about 
30  or  40  feet  more  and  10  or  20  feet  less  than  those  given  above  for 
sec.  9,  T.  16  N.,  R.  8  E. 

LOCAIiZTIES  OF  POSSIBLE  FAVORABLE  STBUGTX7BJB. 

MINOR  ANTICLINES. 

The  possibilities  of  the  anticline  in  sec.  18,  T.  17  N.  R.  10  E., 
appear  imcertain.  Because  the  unknown  factors  mentioned  on 
pages  83  and  85  are  so  numerous,  no  specific  location  for  a  test  well 
will  be  recommended.    However,  it  is  suggested  that  the  crest  of 
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the  anticline  has  the  best  possibilities.  In  view  of  the  fact  that  the 
main  (eastern)  fault  to  the  east  probably  dips  to  the  southwest,  a  test 
well,  to  avoid  passing  through  the  fault,  should  be  as  far  southwest  of 
it  as  possible  and  still  be  near  the  crest  of  the  anticline.  Such  a  test 
would  probably  reach  the  Fort  Scott  limestone  at  about  1,000  feet 
below  sea  level;  an  oil  and  gas  sand  reported  in  the  well  in  sec.  1, 
T.  16  N.,  R.  9  E.  (see  log  on  p.  97)  at  1,170  feet;  the  Red  Fork  sand 
at  1,474  feet;  and  the  Glenn  sand  at  1,640  feet. 

Of  the  smaller  anticlines  whose  reversed  dips  appear  to  be  due  to 
folding  that  accompanied  the  dropping  of  a  fault  block,  the  one  in 
sees.  1  and  12,  T.  16  N.,  R.  9  E.,  has  been  tested  by  a  well  drilled 
during  the  winter  of  1915-16  by  the  Atlas  Oil  Co.,  near  the  south  line 
of  sec.  1.  This  well,  whose  log  is  given  on  page  97,  is  said  to  have 
found  oil  and  gas  at  several  horizons,  as  follows:  3,000,000  cubic  feet 
of  gas  at  788  feet,  a  little  gas  at  1,065-1,083  feet;  1,000,000  cubic  feet 
of  gas  at  1,145  feet,  a  showing  of  oil  and  gas  at  2,040-2,074  feet,  and  a 
light  showing  of  oil  at  2,344-2,369  feet.  The  quantity  of  gas  dis- 
covered was  not  considered  sufficient  to  make  it  a  paying  gas  well, 
and  hence  the  hole  was  abandoned.  From  this  meager  showing  of 
a  well  favorably  located  for  such  a  structure,  it  would  appear  that 
this  anticline  is  not  sufficiently  closed  to  the  southeast  to  confine 
either  oil  or  gas  in  large  quantities.  Considering  the  failure  of  this 
well,  the  prospects  offered  by  similar  folds  in  this  area  are  not  full  of 
promise.  There  probably  will  come  !t  time,  however,  when  small 
producing  wells  will  pay,  and  to  find  them  the  oil  producer  will  drill 
all  these  minor  folds  that  offer  any  promises  of  success.  It  is  believed 
that  the  folds  in  sec.  30,  T.  17  N.,  R.  9  E.,  sec.  14,  T.  17  N.,  R.  8  E., 
sec.  21 ,  T.  17  N.,  R.  8  E.,  and  sec.  22,  T.  16  N.,  R.  8  E.,  will  give  better 
chances  than  most  of  the  surrounding  territory. 

The  locality  that  appears  best  for  a  test  of  the  anticline  in  sec.  30, 
T.  17  N.,  R.  9  E.,  is  the  center  of  the  section.  Not  only  is  there  a 
slight  fold  here,  but  the  fault  to  the  east  may  help  influence  the 
acciunulation  of  oil  or  gas  at  this  place,  in  the  way  described  on 
pages  88  and  92.  In  drilling  at  this  locality  the  strata  that  were 
found  in  the  well  in  sec.  29,  T.  17  N.,  R.  9  E.  (see  record  on  p.  95), 
will  be  found  about  60  feet  lower  with  reference  to  sea  level. 

The  best  locality  for  a  first  test  of  the  anticline  in  sec.  14,  T.  17  N., 
R.  8  E.,  is  probably  in  the  NE.  }  SW.  }.  The  fault  to  the  east  of 
this  locaUty  also  may  have  some  influence  in  causing  oil  and  gas  to 
accumulate.  A  guide  as  to  what  may  be  foimd  here  is  afforded  by 
the  log  of  the  well  in  sec.  26,  T.  17  N.,  R.  8  E.  (see  p.  95),  and  the 
formations  will  be  found  about  20  to  30  feet  lower  with  reference  to 
sea  level. 

The  fold  in  sec.  21,  T.  17  N.,  R.  8  E.,  may  first  be  tested  by  a  weU 
in  the  center  of  the  NW.  i.    As  the  fault  to  the  east  is  small,  its 
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influence  in  causing  pil  and  gas  to  accumulate  is  probably  negligible. 
The  strata  to  be  found  here  will  probably  be  the  same  as  those 
encountered  in  the  wells  in  sec.  20,  T.  17  N.,  R.  8  E.,  but  at  this 
locality  they  will  probably  be  about  50  feet  higher  with  respect  to 
sea  level.    The  records  oif  these  wells  are  given  on  pages  93-94. 

For  the  anticline  in  sec.  22,  T.  16  N.,  R.  8  E.,  the  NW.  }  SE.  \ 
appears  to  be  the  most  favorable  locality  for  a  test  well.  The  displace- 
ment of  the  fault  to  the  east  is  small,  and  its  confining  ejffect  in  causing 
oil  and  gas  to  accumulate  here  is  probably  also  small.  Some  idea  of 
the  strata  to  be  found  here  may  be  obtained  by  consulting  the  records 
of  the  wells  in  sec.  30,  T.  16  N.,  R.  8  E.,  and  sec.  3,  T.  16  N.,  R.  8  E., 
which  are  given  on  page  94.  The  strata  recorded  in  the  well  in  sec. 
30,  T.  16  N.,  R.  8  E.,  should  be  found  from  125  to  175  feet  higher 
with  reference  to  sea  level,  but  those  of  the  weU  in  sec.  3,  T.  16  N., 
R.  8  E.,  will  be  found  at  about  the  same  position  here. 

The  occurrence  of  several  other  folds  whose  form  or  even  actual 
presence  is  questionable  is  mentioned  on  page  84.  As  the  repre- 
sentations of  these  folds  on  the  contour  map  are  not  based  on  well- 
determined  facts,  no  suggestions  for  testing  them  will  be  given. 

FAULTS. 

The  effectiveness  of  simple  faults  in  causing  oil  and  gas  accumula- 
tions has  not  been  well  demonstrated  in  the  Mid-Continent  field. 
The  faults  of  the  Bristow  regiftn  are  small,  and  it  may  be  that  they 
affect  only  the  rocks  near  the  surface  and  do  not  reach  the  oil  and  gas 
bearing  sands.  Furthermore,  they  do  not  break  the  strata  at  right 
angles  to  the  dip  but  at  a  small  acute  angle;  hence,  even  if  they  do 
reach  the  oil  and  gas  sands,  their  effectiveness  in  causing  the  oil  and 
gas  to  accumulate  is  not  at  its  maximum.  Because  the  possibilities 
of  finding  paying  quantities  of  oil  and  gas  on  the  down  dip  (west) 
side  of  the  faults  are  uncertain,  search  for  such  possible  accumulations 
is  not  recommended  until  the  more  favorable  areas  of  the  Bristow 
region  have  been  tested  and  their  value  proved. 

LOCALITIES  OF  UNFAVORABLE  STBUCTXTBE. 

The  locaUties  of  unfavorable  structure  in  this  region  are  those  out- 
side of  the  faulted  zones  and  anticlines,  in  which  the  rock  beds  have 
the  normal  westward  dip.  The  sands  in  the  areas  of  normal  struc- 
ture probably  carry  some  oil  and  gas  in  quantities  sufficient  to  give 
showings  in  wells  that  penetrate  them,  but  it  requires  some  special 
feature,  similar  to  those  described  on  pages  88-89,  to  produce  any 
accumulation  large  enough  to  pay  for  its  development. 

In  the  southeastern  part  of  sec.  36,  T.  17  N.,  R.  9  E.,  the  structure 
seems  to  be  normal,  but  sufficient  gas  was  encountered  in  a  well  at  a 
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depth  of  990-1,018  feet  to  make  it  worth  while  to  close  it  in  and  save 
it  for  utilization  at  some  future  time.  This  is  the  only  one  of  13  wells 
drilled  in  the  areas  of  normal  structure  in  this  region  that  found 
paying  quantities  of  either  oil  or  gas.  For  the  locating  of  similar 
small  paying  wells  no  help  can  be  expected  from  a  study  of  the  surface 
geology,  and  the  chances  for  finding  in  this  region  other  paying  lo- 
calities similar  to  the  one  mentioned  appear  small. 

WEIilj  RECORDS. 

The  wells  whose  records  are  given  below  are  either  in  the  area 
described  in  this  report  or  in  its  immediate  vicinity. 

Log  ofP.M.  Ken's  Elijah  Hendrickson  well  No,  1^  in  the  northweet  cottwt  E,\SW.\  sec, 

5,  T.  17  N.,  R.  8  E. 

(Ftom  K.  J.  Mimn;  aathority,  P.  K.  Kerr.   Casing:  12Hnch,  2 Joints;  lO-lnch,  780feet;  8i-lnch,  l,500feet.] 


Depth. 

» 

Depth. 

Lajton  sand  (small  show  for  oil) 

Jones  sand  (small  show  for  oil) 

ClAVAland  ffftnd  (drv) 

Feft. 
1,450-1,548 
1,790-1,806 
1,900-1,910 

Wheeler  sand  (dry)". 

Feet. 
2,2aO-2,2S5 

Bartlesville  sand  (eas) 

2.620-2.700 

Tucker  sand  (water) 

2.800-2.812 

Log  of  U.  Logan  well  No.  1,  in  the  NW.  \  sec,  tO,  T.  17  N..R.8  E. 

[From  Bermont  Oil  Co.   (Contractor,  American  Drilling  Co.    Drilled  Nov.  7, 1912,  to  May  16, 1913.   Ceslng 
20-inch,  19  feet;  16-inch,  57  feet;  12i-inch,  625  feet;  10-inch,  990  feet;  8i-inch,  1,470  feet.] 


Band 

Lime  (sprayed  oil  at  1.400  feet) 

Layton  sand  (no  oil) 

Sand 


Depth. 


Feet. 

907-946 
1,390-1,412 
1,440-1,470 
1,545-1,570 


Sand  (little  oil) 

Wheeler  sand  (no  oil) 
Oswego  lime  (no  oil)., 


Depth. 


Feet. 
1,806-1,920 
2,270-2.320 
2,380-2,420 


Log  of  White  &  Sinclair* s  Capadenna  Cox  well  No.l,  in  southivest  comer  sec.  20,  T.  17  N. , 

R.  8  E, 

[From  R.  C.  McClellan,  driller.    Drilled  Jaly  12  to  Aug.  31,  1915.    Casing:  15i-inch,  36  feet;  12i-inch,  451 
feet;  10-inch,  810  feet;  8-inch,  1,070  feet;  6-inch,  2,423  feet;  5^inch,  3,010  feet.] 


Water  sand.. 

Red  mud 

Sand 

Red  mud 

Sand  (water) 
Blue  mud... 
Sand  (water) 
R«lrock.... 

Sand 

Red  rock.... 
Sand  (water) 
Red  rock.... 
Suid  (water) 


Thick- 
ness. 

Depth. 

Feet. 

Feet. 

10 

70 

40 

110 

20 

130 

30 

160 

20 

180 

70 

250 

10 

260 

40 

300 

20 

320 

30 

350 

25 

375 

50 

423 

35 

460 

Red  rock.... 
Sand  (water) 
Blue  mud... 
Unrecorded.. 
Blue  mud . . . 
Sand  (water) 

Red  rock 

Sand 

Red  rock 

Sand  (water) 

Red  rock 

Sand 

Lime 


Thick. 


Depth. 


Feet. 

Feet. 

20 

480 

30 

510 

30 

540 

5 

545 

55 

600 

25 

625 

65 

690 

10 

700 

30 

730 

20 

750 

6 

756 

14 

770 

4 

774 
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Log  of  White  <Cr  Sinclair^ 8  Capadenna  Cox  well  Nb.l^  in  southwest  comer  sec.  20,  T,  17  N,, 

R.  8  E, — Continued. 


Sond(iH^ter) 

Bedrock 

Lime  (water) 

Red  rock 

Suid  (water) 

Red  rock 

Lime 

Red  rock 

Sand 

Blate 

Lime  (gas  and  water) 

Slate 

Lime 

Slate 

Lime.. 1 

Slate 

Lime 

Slate 

Lime 

Slate 

Laytonsand 


Thick- 
ness. 

Depth. 

Fed. 

Fed. 

16 

790 

35 

825 

6 

830 

5 

835 

25 

860 

20 

880 

20 

900 

75 

975 

25 

1,000 

15 

1,015 

15 

1,030 

45 

1,075 

5 

1,080 

20 

1,100 

8 

1,106 

17 

1,125 

5 

1,130 

70 

1,200 

12 

1,212 

353 

1,465 

35 

1,500 

Slate 

Sand  (water,  20  bailers) 

Slate 

Lime , 

Slate 

Lime 

Jones  sand 

Slate 

Lime , 

Slate 

Wheeler  sand , 

Slate 

Lime 

Sand 

Slate 

Sand 

Slate , 

Sand 

Slate 

Sand 


Thick- 
ness. 


Fed. 
34 
16 

170 
4 

93 

9 

30 

134 
16 

429 
75 
40 
10 
05 
55 
50 

120 
30 
90 
45 


Depth. 


Ferf. 
1,534 
1,550 
1.720 
1,724 
1,817 
1,826 
1,846 
1,960 
1,996 
2,425 
3,500 
2,540 
2,550 
2,645 
2,7tn 
2,750 
2,870 
2,900 
2,900 
3,035 


Log  of  Oklahoma  Natural  Gas  Co.'s  Daniel  West  well  No.  i,  in  sec.  30,  T.  16  N.,R.8  E. 

[From  Oklahoma  Natural  Oas  Co.    Drilling  completed  Oct.  16,  1913.    O>ntractor,  Kaw  Drilling  Co. 

Casing:  12i-inch,  300  feet;  10-inch,  801  feet;  »-lnch,  1,385  feet.] 


Sand 

Slate 

Sand  (holefull  of  water  at  130  feet). 

Red  rock 

Sand ; 

Red  rock 

Sand  (hole  full  of  water  at  365  feet) . 

Red  rock 

Sand 

Red  rock 

Sand 

Slate 

Sand 

Red  rock 

Sand 

Slate 

Sand  (hole  full  of  water  at  890  feet) . 
Lime 


Thick- 
ness. 

Depth. 

Fett. 

Feet. 

60 

60 

35 

85 

70 

155 

125 

280 

20 

300 

•     65 

365 

75 

440 

70 

510 

30 

540 

65 

605 

30 

635 

25 

660 

25 

685 

65 

750 

40 

790 

100 

890 

120 

1,010 

20 

1,030 

Slate 

Lime 

Sand 

Slate 

Sand 

Slate 

Lime  shells 

Slate 

Sand  (2  bailers  of  water  per  hour 

.  at  1,900  feet;  show  of  oil) 

Slate , 

Slate  uid  shells 

Sand 

Slate 

Brown  shale 

Slate 

Lime 


Thick- 
ness. 

Depth. 

Feet. 

Feet. 

70 

1,100 

10 

^'*1X 

50 

^'IS 

130 

1,290 

40 

1,330 

230 

1,560 

40 

1,600 

250 

1,850 

115 

1'^ 

535 

2»5S 

223 

2,733 

13 

2,735 

115 

2.SJ 

50 

2' 52 

85 

^•XS 

24 

3,009 

Log  of  White  <fe  Sinclair's  Johnny  Myers  well  No.  1,  in  northeast  comer  SE.  J  sec.  Si 

T.  16  N,  R.  8  E. 


[From  White  &  Sinclair.    Drilling  completed  May  28, 1913.    Contractor,  Kiester  Drilling  Co.    C^ing: 
inch,  141  feet;  12i-inch,  §55  feet;  10-inch,  856  feet;  8  inch,  1,406  feet;  6|-inch,  2,321  feet.] 


10- 


Sand  (water at  2,360 feet). 

Shell 

Sand 


Thick- 
ness. 


Feit. 
20 


80 


Depth. 


Feet. 
2,374 
2,724 
2,810 


Water 

Total  depth. 


Thick- 
ness. 


Fed. 


Depth. 


Feet. 
3,872 
2,875 
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Log  of  NohU  Cobb  well  No.  i,  in  see.  26,  T.  17  K,  R.  8  E. 

[From  Bennont  Oil  Co.] 


"Soiface" 

Qoicksand  (water) 


Red  clay. 

Send  (water) 

Red  clay 

Sand  (water) 

Red  rock  (water) 

Sand 

Red  rock 

Sand 

Soapstone 

Sand 

Blue  shale 

Sand  (water) 

Red  rock 

Sand 

Red  rock 

Lime  (very  bard) 

Red  rock 

Sand  (water) 

Break 

Sand 

Red  rock 

Sand  (water) 

Break - 

Sand 

Break 

Lime 

Broken  Ume 

Slate 

Sand  (show  d  gas) 

Unxeoorded 

Brown  shale 

Sand  (hole  full  of  waterj. 

Blue  shale 

SheU 

Brown  sbiJe 

Lime 

Blue  shale 

Lime 

White  slate 

Sand , 

Blue  slate 

White  slate 

Slate 

Sandy  shale 

Lime 


Thick- 
ness. 

Depth. 

F€d. 

Fttt. 

25 

25 

15 

40 

50 

fiO 

10 

100 

20 

120 

25 

145 

20 

165 

5 

170 

20 

190 

5 

195 

35 

230 

5 

235 

25 

260 

20 

280 

55 

3.-15 

5 

340 

5 

345 

10 

355 

15 

370 

25 

395 

2 

397 

54 

451 

39 

400 

7 

497 

2 

499 

10 

509 

3 

512 

8 

520 

5 

525 

100 

625 

20 

645 

17 

662 

7 

669 

11 

680 

45 

725 

5 

730 

5 

735 

10 

745 

05 

840 

6 

845 

25 

870 

5 

875 

5 

880 

05 

975 

135 

1,110 

20 

1,130 

60 

1,190 

White  shale 

Sand  (10  bailers  of  water) 

Lime 

White  shale 

Sand 

Brown  shale 

White  slate 

Sandy  lime 

Shale 

Lime 

Sand 

White  slate 

Black  slate 

Sand 

White  shale 

Oil  sand  (show  of  oil) 

White  shale 

Sand  (litUe  gas) 

W^hite  shale 

Lime 

Shale 

Black  shale 

Lime 

Shale 

Lime 

Black  slate 

Sandy  lime 

White  shale 

Sand 

Sandy  shale 

Brown  shale 

Sand 

White  shale 

Hard  sand 

White  shale 

Black  shale 

Lime 

White  shale 

Sand 

Gray  shale 

Black  slate 

Sandy  lime  (3  bailers  per  hour) . . 

White  shale 

Broken  sand 

Water  sand  (hole  full  of  water  last 
threescrews) 


Thick, 
ness. 


Fed. 
15 
25 

5 
65 
27 
78 
73 
10 
43 
19 
15 
35 
30 

1 

4 

20 
10 
10 
25 

6 
120 
345 

4 

6 
25 
30 
20 
25 
85 
25 
30 
30 
70 
10 
80 
60 
10 

5 
20 
85 
17 
10 

9 
24 

78 


Depth. 


Fed. 
1,206 
1,230 
1,235 
1,300 
1,327 
1,405 
1,478 
1,488 
1,531 
1,550 
1,565 
1,600 
1,630 
1,631 
1,635 
1,655 
1,666 
1,675 
1,700 
1,706 
1,825 
2,170 
2,174 
2,180 
2,206 
2,235 
%2S5 
2,280 
.2,315 
2,340 
2,370 
2,400 
2,470 
2,480 
2,560 
2,620 
2,630 
2,635 
2,655 
2,740 
2,757 
2,767 
2,776 
2,800 

2,878 


Log  of  B.  B.  Jones  and  Iloppy  Toad  Oil  Co.^s  Maxey  well  No.  i,  in  sec.  f9,  T.  17  N,, 

R.  9  E. 

(From  C.  T.  Freeland  and  Olen  Craker.    Drilled  November,  1913,  to  January.  1914.    Contractors,  Free- 
land  it  Craker.   Casing:  12|-lnch,  338  foot;  10-inch,  852  feet;  8-incn,  1,340  feet.] 


"Surface"... 

Sand 

Slate 

Lime  (water) 

Red  mud 

Limo. 
Hand..  **..**.■. 

Slate 

Send  (water) 
Bedrock..... 
Lime. 
8and...!!r.; 

White  lime. 
Slate 


Thick- 
ness. 


Feet. 
4 

7 

29 
20 
40 
20 
25 
65 
30 
GO 
38 
62 
30 
40 


Feet. 

4 

11 

40 

GO 

100 

120 

145 

210 

240 

300 

338 

400 

430 

470 


Limo  (hole  full  of  water) 

Slate 

Lime , 

Slate 

Sand  (water) 

Lime 

Sand 

Lime , 

Slate 

Lime » 

Slate 

Lime 

Break 

Lime 


Thick- 
ness. 

Depth. 

FeH. 

Feet. 

30 

600 

ao 

520 

15 

635 

35 

570 

5 

575 

20 

505 

8 

608 

7 

610 

40 

650 

5 

655 

05 

750 

35 

785 

2 

787 

13 

800 
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TWck- 

„„.|| 

'.r- 

p-^h. 

«} 

15 

20 
307 

a 

J 

1 

F«l. 

1 

;ioo 

,407 
,480 

Isso 

1,740 

Aft. 

1 
1 

10 
80 

80 
40 

110 

40 
10 

i 

Fa<. 

^■'rS??.^.''""."'.^^, 

ButlwvUlenDd:  top  hard  (shcnr 

^^ 

ixjff  0/ JToppjf  Toad  Oti  Co.'*  /oMp4  Be(i  well  No.  I,  in  uc.  S3,  T.  17  N.,  R.  9  E. 

IFrom  Bermanl  Oil  Co.    Cailiig;  S|-liioh,  1,$S4  feet.) 


15 

1 

7S 
30 

35 

80 

1 

» 
73 
S 

FtH. 

170 

34S 

S20 

408 

480 
4B0 
SIS 

658 

800 
895 

1,000 

if 

|480 

Sand 

Fta. 

10 

1 

3S 

i 

3B 

i 

w 

J 

10 

18 

30 
6 

Ftft. 

i 

Sand 

Sand 

SanU  (cnoHuh  water  to  drill  wllh 

Saod  (hols  lull  ol  Bstor  al  3,737 
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m  C,  T.  Freeland and  Olm Cnker.    Casing:  lO-loeb,  1S3l»t:  Sl-loeb,  MOIeet.] 


Thlok- 

Depth. 

■^': 

Depth. 

fttf. 

W 

1 

7S 

3B5 
3S 

10 
SO 
22 

1 

TO 
90 

KO 
395 

a 

7tS 

1.200 
1.110 

1,2S1 

1.315 
I.J55 

FiH. 

1 

ISO 

1 
1 

80 
30 

110 

Ftit. 

1;S 

l.UD 
1,41S 

i;«o 

1,630 

Suid  ((bis  ms;  b«  the  Tleer  Creek 

11 

H! 

la 

Lojo/^(iatOi7Co.'».4Iiimflai»tontwHA'b. /.tnSIF.  Iftw.  i,  f.  IB  N.,  R.9  B. 

IFiDta  Hairy  R.JolmmHt.   OriUingbectui  Dec.X,  lUE,   Culug:  l<>-iiKli.S2eteat:Bl-li]d>,l,B4Steet.] 


ness. 

Rrf. 

49 

55 

35 
31 

% 
1 

40 

31 

45 

88 

30 

85 
30 
98 

« 

30 

I 

M 
33 

Fitl. 

i 

281 

i 
1 

i 

,085 

;ui 

1.171 

i;m5 

,^. 

808 

Wst«  Band  (S  bailers  at  413  (eel). . 

Sand  (show  ol  oil  and  gas) 

oso 

IS3 

S 

2,480 

*E„'.r!!r.' •:.-'"""■"' 

IS 

1 

i 
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:.  6,   T.  le  N., 
Feb.  i,  mi.    CaiSng:  U^lnch,  E3  feel:  10- 


Thick- 
ness. 

Depth. 

Thick- 

DspUl. 

FiH. 

Sli 
HI 

no. 

go 

"1i 

ii 

80 
10 

1 

2» 

123 
202 

r.„ 

BBndabBl1ersDlwatcrBi33Drevl: 
6  bailers  of  w«l«r  per  hour  «l  340 

amd  (holelul!  ol  water  at  «0  teet]. 

Sand  (hole  full  ol  water  at  1,418 

Sand  slielL(oilatZ,BTS  feet) 

Band  «  ballera  of  water  per  hour 

' 

Log  o/OklcAama  NaturalOai  Co.'t  BerOia  M.  Self  well  No.  I, in  tec.  36,  T.  17  N.,  R.  9  E. 

r,  ClurEes  HcEeever. 


Thlck- 

D^th. 

Thick- 
ness, 

Depth. 

7 

0 
0 

,   Fat. 

38 

4«0 

Fat. 

BO 

Fal. 

. 

Logo/ Oklahoma  NalwalGag  Co.'a  Henry  A.  Self  U'M  No.  1  ,i 

iprom  Oklahoma  Natural  Om  Co.    Drilled  Juno  8  lo  Aug.  2S,  1911.    Ca-sii 
Icot^  syiDch,  1,175 tcel;  6|-li)ch,2,3»[cvt. 


to,  T.n N.,R.10E. 

.lnch,£8fcet:  lO-inch.lTS 


llr 

Depth. 

Thlck- 

Depth. 

3a 

Fta. 

250 

X".,"..':".':^".":."-".':™ 

Fal. 

\^ 

149 

J 

los 

««. 

fllet 

Band  shell  (a  tollers  oIwBM 

rat 

Swid(10balleniafwatrrat3:<o 
Sand  <hola  full  of  water  at 

Iti' 

Mt). 
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Log  ofOllah&ma  Natural  Gas  Co.' 8  Jake  Brown  well  No.  i,  in  $ec.  20,  T.  17  N,  R.  10  E. 

(From  OUahoma  Natural  Oas  Co.    Drilled  June  29  to  Aug.  2,  1912.   Contractor,  Braden  Drilling  Co. 
Caring:  12f  inch,  465  feet;    10-inch,  1,400  feet;  Si^nch,  1,625  feet;  6|-inch,  2,230  feet.] 


"Surface" 

Sand 

Slate  and  shells 

Sand  (hole  full  of  water  at  400  feet) 

Slate 

Slate  and  lime  shell 

Slate 

Sand  (small  amount  of  gas  at  1,210 

feet) 

Slate 

Big  lime 

Slate 

Sand  (2  barrels  of  water  per  hour 

at  1,800  feet) 


Thick- 
ness. 

Depth. 

• 

Feet. 

Feet. 

20 

20 

100 

120 

280 

400 

35 

435 

565 

1,000 

100 

1,100 

100 

1,200 

50 

1,250 

400 

1,650 

65 

1,715 

85 

1,800 

25 

1,825 

Slate 

SheU 

Slate 

Red  Fork  (top  streak  sand;  180,000 

cubic  feet  of  gas  at  2,109  feet; 

small  show  of  oil  at  2,115  feet)... 

Slate 

Red  Fcrk  (second  sand) 

Slate 

Glenn  sand  (water  at  2,240  feet  in 

Glenn  Sana) 


12 


Thick- 
ness. 

Depth. 

Feet. 
204 
6 
65 

Feet. 
2,029 
2,035 
2,100 

25 

5 

20 

87 

2,125 
2,130 
2,150 
2,237 

2,249 


Log  of  OklaJuyma  Natural  Gas  Co.*s  Kelly  Yellowhead  well  No.  1,  in  sec.  32,  T.  17  N., 

R.  10  E. 

[From  Oklahoma  Natural  Gas  Co.    Drilled  Sept.  2  to  Oct.  30,  1912.    Contractor,  Braden  Drilling  Co. 

.  Casing:  10-inch,  481  feet;  ^inch,  1,186  feet;  6|-inch,  2,368  feet.] 


Son 

Shale 

Lime 

Break 

Lime 

Shale 

Shale  and  shell 

Broken  lime 

Shale 

Lime 

Break  (water) 

Sand 

Shale,  lime,  and  shell. . . 

Sand  (water) 

Shale 

Sand,  hard 

Shale 

Lime 

Shale  and  shells 

Lime 

Light  dliale 

Lime 

Light  shale 

Lime 

Light  shale 

Lime 

Shale 

Lime,  shale,  and  shells. . 

Sandy  shale 

Sand  (hole  full  of  water) 

Shale 

Broken  lime. 

Shale 


Thick- 
ness. 

Depth. 

Feet. 

Fett. 

5 

5 

15 

20 

10 

30 

5 

35 

10 

45 

15 

60 

65 

125 

15 

140 

60 

200 

15 

215 

5 

220 

15 

235 

75 

310 

15 

325 

5 

330 

95 

425 

60 

485 

12 

497 

133 

630 

20 

650 

45 

695 

5 

700 

175 

875 

12 

887 

111 

998 

4 

1,002 

103 

1,105 

20 

1,125 

10 

1,135 

33 

1,168 

10 

1,178 

35 

1,213 

362 

1,576 

Broken  lime 

Hard  lime 

Shale 

Lime  shell 

Shale 

Light  shale 

Lime 

Shale 

Sandy  shale 

Lime,  hard 

Shale 

Sand  (show  of  oil) 

Black  shale 

Dark  sand 

Shale 

Lime 

Broken  lime 

Shale 

Sand  (water) 

Shale 

Sand,  hard 

Shale 

Lime,  hard 

Shale 

Lime,  hard 

Shale 

Lime 

Black  shale.  ..*.... 

White  shale 

Black  shale 

Lime 

Shale 

Lime 


Feet. 
10 

4 
11 

3 
27 
10 

S 
98 
10 

7 

118 

18 

210 

15 

68 

4 

10 

18 

138 

6 
22 

4 
12 
88 

8 
12 

4 
21 
35 
110 
25 
40 
17 


Depth. 


Feet. 
1,585 
1,589 
1.600 
1,603 
1,630 
1,640 
1,648 
1,746 
1,756 
1,763 
1.881 
1,899 
2,115 
2,130 
2.198 
2,202 
2,212 
2,230 
2  368 
2,374 
2,396 
2,400 
2,412 
2,500 
2,508 
2,520 
2,524 
2.545 
2,580 
2,690 
2,715 
2,755 
2,772 


THE  DE  SOTO-RED  RIVER  OIL  AND  GAS  FIELD, 

LOUISIANA. 


By  G.  C.  Matson  and  O.  B.  Hopkins. 


LOCATION. 


The  De  Soto-Bed  Biver  oil  and  gas  field  lies  in  De  Soto  and  Bed 
River  parishes,  La.,  in  the  northwestern  part  of  the  State,  in  Tps. 
12  and  13  N.,  Bs.  10, 11, 12,  and  13  W.  Louisiana  meridian.  It  is  30 
miles  southeast  of  Shreveport,  the  principal  business  and  railroad 
center  in  the  northwestern  part  of  the  State,  and  extends  from  a 
point  near  Naborton  in  a  northeasterly  direction  across  Bed  Biver 
to  Crichton,  on  the  line  of  the  Louisiana  Bailway  &  Navigation  Co. 
The  east  end  of  the  field  is  accessible  also  over  the  Natchitoches 
branch  of  the  Texas  &  Pacific  Bailway,  which  follows  the  west  bank 
of  Bed  Biver  and  crosses  the  field  near  Abington.  Naborton,  the 
center  of  development  in  the  western  part  of  the  field,  may  be  reached 
over  the  Frost-Johnson  Lumber  Co.'s  branch  road  from  Mansfield. 
In  relation  to  the  neighboring  productive  fields  of  Louisiana,  the  De 
Soto-Bed  Biver  field  is  45  miles  slightly  east  of  south  of  the  Caddo 
oil  and  gas  field,  30  miles  south  of  the  Shreveport  gas  field,  and  12 
miles  north  of  the  small  oil  pool  near  Pelican.    (See  PL  VII.) 

HISTORY. 

The  development  of  the  Caddo  field,  which  began  in  1904,  and  the 
drilling  of  large  gushers  there  some  years  later  called  the  attention 
of  oil  prospectors  to  northwestern  Louisiana  as  favorable  territory. 
Drilling  in  and  near  the  area  called  by  Harris*  the  Sabine  uplift 
finally  led,  in  1912,  to  the  discovery  of  gas  in  De  Soto  Parish  near 
Naborton  at  a  depth  of  about  800  feet,  or  about  the  same  depth  as 
the  shallow  gas  wells  of  the  Caddo  field.  The  locations  of  some  of 
the  gas  wells  were  selected  by  J.  Y.  Snyder  after  field  observations 
of  the  local  structure. 

The  presence  of  the  gas-bearing  Nacatoch  sand  in  De  Soto  Parish 

and  the  belief  that  deeper  productive  sands  corresponding  to  those 

• 

T  ■  ■ 

^IlarrlB,  G.  D.,  Oil  and  s^s  in  Loaifllana:  U.  B.  Oeol.  Surrey  Bnll.  429,  p.  27  (map), 
1910. 
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in  Caddo  Parish  were  also  present  led  to  deep  drilling,  which  re- 
sulted in  the  discovery  of  small  quantities  of  oil,  and  on  May  10, 
1913,  the  completion  of  the  Gulf  Refining  Co.'s  Jenkins  well  No.  2 
proved  the  presence  of  a  notable  oil  pool.  Within  a  few  months  all 
the  large  oil  companies  operating  in  northern  Louisiana  had  become 
active  here,  and  during  the  following  12  months  the  Naborton  dis- 
trict experienced  its  greatest  activity. 

In  the  Abington  district  of  Red  River  Parish  the  discovery  well, 
Marston  No.  1,  was  drilled  in  April,  1914.  By  the  fall  of  that 
year  the  center  of  interest  had  moved  from  Naborton  to  the  north- 
eastern continuation  of  the  field,  where  leasing  and  drilling  became 
active.  In  November,  1914,  the  first  well  was  completed  in  the 
Crichton  district,  on  the  east  side  of  Red  River.  Interest  in  this 
extreme  northeast  end  of  the  field  was  brought  to  a  climax  by  the 
completion  of  a  large  gusher  on  the  Weiss  property,  in  sec.  18, 
T.  13  N.,  R.  10  W.,  on  January  27,  1915.  The  Crichton  district  was 
the  center  of  activity  during  1915,  and  in  it  one  of  the  most  produc- 
tive oil  pools  in  the  United  States  has  been  developed. 

FIEIiD  WORK. 

During  the  spring  of  1913,  before  the  discovery  well  in  De  Soto 
Parish  had  been  completed,  6.  C.  Matson  made  a  short  trip  to  this 
field  and  outlined  the  general  structural  features.  With  the  view  of 
obtaining  more  detailed  knowledge  of  the  structure  and  of  the  oc: 
currence  and  distribution  of  oil  and  gas,  he  returned  in  the  autumn 
of  1914,  and  with  O.  B.  Hopkins  and  E.  H.  Finch  spent  part  of 
November  and  most  of  December  and  Januai*y  making  a  survey  of 
the  district. 

In  general,  the  field  work  consisted  in  collecting  data  from  ex- 
posures of  the  strata  and  information  concerning  development  work, 
such  as  well  logs,  altitudes  of  the  wells,  and  well  samples.  It  was 
not  possible  to  outline  the  structure  of  the  entire  field  from  the  well 
logs  alone,  because  they  were  not  uniformly  distributed  over  it; 
neither  was  it  possible  to  make  a  satisfactory  structural  map  of  the 
entire  field  from  the  rock  exposures,  as  in  more  than  half  of  the  area 
no  rocks  are  exposed.  Consequently  it  was  necessary  to  collect  all 
available  data  from  both  sources. 

Stadia  traverses  and  level  lines  were  carried  over  the  field  in  order 
to  locate  the  exposures  and  determine  their  altitudes.  There  are  no 
key  rocks  exposed  at  the  surface  ^hich  can  be  traced  over  the  field 
and  from  which  the  structure  can  be  unraveled;  furthermore,  it  is 
not  possible  to  trace  a  particular  horizon  over  any  considerable  area, 
as  the  exposures  are  too  poor  and  the  lithology  too  varied.  Conse- 
quently it  was  necessary  in  determining  the  dip  to  use  different  beds 
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or  horizons  in  different  parts  of  the  field,  such  as  the  contact  between 
a  sand  and  clay  bed,  a  particular  bed  of  clay,  or  a  sandstone  ledge. 
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TOPOGRAPHY. 

The  De  Soto-R^d  River  oil  and  gas  field  is  in  what  have  been  called 
the  "  hill  parishes  "  of  Louisiana.  It  extends  from  the  hills  of  De  Soto 
Parish  eastward  across  the  broad  valley  of  Bayou  Pierre  and  Red 
River  to  the  hills  in  Red  River  Parish  beyond  the  river.  (See  PL 
VIII,  in  pocket.)  Approximately  half  of  the  field,  as  outlined,  is 
in  the  hills  to  the  west  of  the  valley,  and  the  other  half  is  in  the  broad 
valley  itself.  The  width  of  the  valley  decreases  from  about  8  miles 
In  the  northern  part  of  the  area  to  5  miles  in  the  southern  part.  The 
greater  width  to  the  north  is  due  to  the  greater  area  covered  by  old 
Bayou  Pierre  Lake,  which  is  now  drained. 

Topographically  the  area  may  be  conveniently  divided  into  three 
parts — ^the  low  lands  along  Bayou  Pierre  and  Red  River,  the  area  of 
comparatively  level  land  between  the  low  lands  and  the  hills,  and 
the  hilly  region.  The  first  division  consists  of  comparatively  recent 
stream  terraces.  The  lowland  on  the  east  side  of  Red  River  in  the 
neighborhood  of  Crichton  ranges  from  130  to  135  feet  in  altitude; 
on  the  west  side  of  the  rivei*  near  the  Marston  wells  the  general  alti- 
tude is  between  150  and  155  feet.  Farther  west  along  the  margin  of 
old  Bayou  Pierre  Lake  the  altitude  is  about  140  feet. 
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From  the  low  area  mentioned  above  the  country  rises  gradually 
toward  the  west  to  a  well-defined  plain  which  has  an  altitude  of 
190  to  210  or  probably  220  feet  along  the  tributary  streams.  This 
plain,  though  somewhat  dissected,  is  well  developed;  in  the  north- 
east comer  of  T.  12  N.,  R.  12  W.,  east  of  Xaborton ;  in  the  southeast 
comer  of  T.  13  N.,  R.  12  W. ;  and  in  sec  32,  T.  12  N.,  R.  11  W.,  along 
the  Naborton  and  Seven  Forks  road  south  of  the  Lakeside  wells. 
It  is  on  the  surface  of  this  plain  that  the  so-called  ^  gas  mounds ''  are 
most  prominent.  Little  information  about  the  structure  can  be 
gained  from  a  study  of  this  comparatively  flat  area,  for  although 
the  underlying  strata  are  exposed  over  the  greater  part  of  it  the  ex- 
posures are  poor.  Along  the  eastern  edge  of  the  field,  however, 
there  is  a  bluff  which  separates  the  low  bottom  lands  from  this 
higher  plain,  and  along  it  there  are  some  exposures  that  are  useful 
for  determining  the  structure  of  the  underlying  formations. 

The  highest  hills  in  the  field  rise  a  little  more  than  400  feet  above 
sea  level,  the  range  in  altitude  or  relief  being  therefore  little  more 
than  250  feet.  In  view  of  this  slight  relief,  the  hilly  district  is  par- 
ticularly rough,  especially  in  the  region  of  the  Dolette  Hills,  in  the 
south-central  part  of  the  district.  These  hills  have  been  carved  by 
small  streams,  which  carry  little  or  no  water  except  in  rainy  seasons, 
into  V-shaped  hollows  with  steep  slopes.  The  slopes  bordering  the 
broad,  flat  bottoms  of  the  large  streams  are  equally  steep.  Owing 
to  the  thick  covering  of  vegetation  and  the  widespread  mantle  of 
sand,  the  exposures  of  the  underlying  strata  are  not  good  even  on 
the  steep  slopes  and  in  the  bottoms  of  the  deep  ravinea 

GEOLOGY. 

STBATIGB.APHY. 
GENERAL  FEATURES. 

The  alternating  beds  of  sand,  shale,  limestone,  clay,  etc.,  that  form 
the  Coastal  Plain  dip  gently  seaward  but  at  a  greater  angle  than 
the  general  slope  of  the  country ;  thus  the  older  beds  gradually  dis- 
appear under  more  recent  ones  and  become  progressively  more  deeply 
buried  toward  the  coast.  As  the  dip  is  slight,  the  outcrops  of  the 
various  beds,  or  the  formations  into  which  they  are  divided,  are 
relatively  wide,  and  in  any  particular  locality  only  a  small  section 
of  the  strata  that  form  the  Coastal  Plain  can  be  seen  at  the  surface. 
This  is  particularly  true  of  the  Sabine  uplift,  an  area  over  which 
the  beds,  except  for  small  irregularities,  are  almost  horizontal,  so 
that  only  one  formation  is  exposed  at  the  surface,  with  remnants  of 
a  thin  covering  of  recent  deposits.    The  De  Soto-Red  River  field. 
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which  is  on  the  Sabine  uplift,  is  thus  at  a  considerable  distance  from 
the  surface  outcrops  of  strata  that  underlie  the  field  at  no  great 
depths.  The  variations  in  lithology  and  thickness  of  the  different 
formations,  both  along  the  outcrops  and  particularly  from  the 
ancient  shore  line  seaward,  make  the  correlation  of  the  formations 
from  well  records,  where  fossils  are  not  available,  very  difficult  and 
in  places  impossible.  Although  it  is  safe  to  assume  that  the  older 
formations  which  crop  out  to  the  northwest  and  north,  in  Texas 
and  Arkansas,  underlie  this  field,  the  beds  shown  in  the  well  logs 
of  De  Soto  and  Red  River  parishes  can  be  correlated  only  tenta- 
tively with  the  strata  as  studied  and  divided  into  formations  along 
the  outcrops,  and  for  some  well  logs  even  this  can  not  be  done,  be- 
cause the  information  supplied  by  the  logs  is  not  sufficient.  Good 
samples  are  not  easily  obtainable  where  the  rotary  method  of  drill- 
ing is  used,  because  fragile  shells  are  ground  up  by  the  drill  and  the 
material  from  the  bottom  of  the  hole  is  mixed  with  the  material 
washed  from  its  walls. 

In  the  following  table  is  given  a  list  of  the  formations  into  which 
the  strata  of  the  field  are  divided  on  the  basis  of  their  surface  out- 
crops in  Louisiana  and  adjoining  States: 

Generalized  section  of  formations  supposed  to  underlie  the  De  Soto-Red  River 

oil  field,  La.^ 


System. 

Series. 

Group. 

Formation. 

Qastemary. 

Reoent. 

« 

Pleistocene. 

• 

TertUiry. 

Eocene. 

* 

Wilcox  formation. 
Midway  formation. 

Gulf   (Upper    Creta- 
oeoos). 

Arkadelphia  clay. 
Nacatoch  sand. 
Marlbrook  marl. 

Austin. 

Annona  chalk. 
Brownstown  marl. 

Crstaceons. 

Eagle  Ford  shale  (includ- 
ing  Blossom  sand  mem- 
ber). 

Woodbine  sand. 

- 

CotnAnche  (Lower  Cre- 
taceous). 

Washita. 

Denison  formation. 
Fort  Worth  limestone. 
Preston  formation. 

Fredericksburg. 

Goodland  limestone. 

Trinity  sand. 

a  The  Upper  Cetaceous  formations  do  not  crop  out  in  the  De  Soto-Red  River  field  and  are  known  from 
well  logs  only.  The  Lower  Cretaceous  formations  have  not  been  reached  in  the  wells  of  this  field,  but 
the  formations  enumerated  in  the  table  probably  underlie  the  field. 

69812^— Bull.  661—18 8 
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In  the  De  Soto-Red  River  field  only  the  Wilcox  formation  and 
the  Pleistocene  and  Recent  deposits  are  found  at  the  surface;  the 
lower  formations  down  to  the  Woodbine  sand  are  known  from  well 
records  only.  It  is  probable  that  no  wells  have  penetrated  the  Lower 
Cretaceous  in  this  field.  In  the  following  discussion  brief  descrip- 
tions of  the  thickness  and  lithologic  character  of  the  different  for- 
mations at  their  nearest  known  localities  are  given  and  tentative  cor- 
relations suggested  so  far  as  possible.  The  Nacatoch  sand  is  the 
most  easily  recognizable  unit  in  the  logs  of  the  wells  of  this  and 
adjoining  regions.  The  "  chalk,"  which  includes  the  Marlbrook  and 
Annona  and  part  or  all  of  the  Brownstown,  is  recognizable  as  a 
whole  over  a  large  area  but  is  inseparable  into  formations. 

CRETACEOUS  SYSTEM. 
OOXAKCHE  SERIES  (LOWER  CRETACEOTrS). 

The  presence  of  beds  of  Lower  Cretaceous  age  in  southern  Arkan- 
sas and  northeastern  Texas,  together  with  the  fact  that  they  are 
known  to  pass  beneath  the  younger  formations  toward  the  south, 
makes  it  safe  to  infer  that  these  formations  are  present  in  the  De 
Soto-Red  River  field,  though  they  are  so  deeply  buried  there  that 
even  the  uppermost  formation  of  this  age  may  not  have  been  reached 
by  the  oil  and  gas  wells.  In  the  absence  of  definite  information 
concerning  the  character  of  the  materials  in  these  beds,  it  is  difficult 
to  tell  in  advance  of  drilling  their  nature  and  thickness.  In  southern 
Arkansas  and  northeastern  Texas  the  Lower  Cretaceous  has  been  di- 
vided  into  the  Trinity,  Fredericksburg,  and  Washita  groups,  named 
in  the  order  of  their  age,  beginning  with  the  oldest.  In  that  region 
the  Trinity  group  is  represented  by  sand  alone  and  is  known  as  the 
Trinity  sand,  but  farther  southwest  in  Texas  it  includes  two  sands 
separated  by  about  300  feet  of  limestone. 

The  Trinity  sand  was  deposited  on  the  older  geologic  formations 
after  they  had  been  subjected  to  considerable  weathering  and  erosion, 
«nd  the  materials  incorporated  in  its  lower  portion  were  derived  from 
these  older  formations.  It  is  probable  that  the  lower  portion  of  the 
Trinity  in  the  De  Soto-Red  River  field,  if  present  there,  is  similar  to 
the  phases  exposed  in  northeastern  Texas,  which,  according  to  Gor- 
don,^ consist  of  quartz  sand  with  scattered  pebbles  and  boulders  of 
quartz,  lenses  and  layers  of  clay  and  remains  of  vegetable  matter, 
together  with  fossil  remains  of  animals  that  lived  in  brackish  water. 

In  southwestern  Arkansas  the  Fredericksburg  group  is  represented 
by  the  Goodland  limestone,  which  is  25  feet  thick,  but  in  northeastern 
Texas  this  group  is  thicker  and  contains  some  shale  interbedded  with 

*  Gordon,  C.  I!.,  Geology  and  underground  waters  of  northeastern  Texas:  U.  S.  G€Ot 
Survey  Water-Supply  Paper  276,  p.  14,  1011. 
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the  Umestone.  Two  or  three  formations  consisting  of  limestones 
and  shales  and  havii^  a  thickness  of  several  hundred  feet  constitute 
the  Washita  group  in  Texas  and  Oklahoma. 

The  total  thickness  of  all  the  formations  belonging  to  the  Lower 
Cretaceous  in  the  De  Soto-Sed  River  oil  field  is  a  matter  of  specu- 
lation, but  at  Dallas,  in  northeastern  Texas,  the  thickness  exceeds 
1,800  feet,  and  the  top  of  the  Trinity  group,  as  recognized  there,  is 
about  800  feet  below  the  base  of  the  Upper  Cretaceous.  Estimates 
of  thickness  based  on  published  statements  of  the  thickness  of  the 
different  formations  in  southwestern  Arkansas  give  the  depth  of  the 
upper  part  of  the  Trinity  group  below  the  base  of  the  Upper  Cre- 
taceous as  scarcely  more  than  half  this  amount. 

OTTLT  8EBIS8  (VPFEB  OBETACEOTTS). 

The  beds  shown  in  the  logs  of  wells  in  the  De  Soto-Red  River  field 
(see  Pis.  IX,  X)  are  not  readily  separable  into  formations  that  can 
be  correlated  with  those  recognized  in  the 'well  logs  of  the  Caddo 
field  and  described  from  their  outcrops  in  southwestern  Arkansas 
and  northeastern  Texas.  The  Upper  Cretaceous  formations  that 
have  been  recognized  at  their  surface  outcrops*  in  northeastern 
Texas  are  the  Woodbine  sand,  Eagle  Ford  shale  (including  the 
Blossom  sand  member),  Brownstown  marl,  Annona  chalk.  Marl- 
brook  marl,  Nacatoch  sand,  and  Arkadelphia  clay.  The  Nacatoch 
sand  is  the  only  one  of  these  formations  that  can  be  recognized  in 
well  logs  in  the  De  Soto-Red  River  field,  and  for  this  reason  exact 
correlations  between  the  Upper  Cretaceous  formations  of  the  two 
regions  are  impossible. 

The  Upper  Cretaceous  section  in  southwestern  Arkansas  differs 
from  the  one  just  given,  the  lower  portion,  including  the  Woodbine 
sand  and  Eagle  Ford  shale,  with  the  Blossom  sand  member,  being 
represented  by  beds  of  sand  (the  Bingen  sand)  having  a  total  thick- 
ness of  500  feet.*  That  portion  of  the  section  in  De  Soto  and  Red 
River  parishes  that  lies  below  the  chalk  resembles  the  Bingen  sand, 
though  it  contains  more  clay  and  less  sand. 

WOODBINE   SAND  AND  EAGLE  FOBD   SHALE. 

The  lower  portions  of  the  sections  penetrated  in  the  wells  in  the  De 
Soto-Red  River  field  consist  of  shale  and  clay  with  many  thin  beds 
of  sand  and  sandstone,  950  to  1,150  feet  in  total  thickness.  These 
beds  include  both  the  Woodbine  sand  and  the  Eagle  Ford  shale  of 

^  Matson,  G.  C,  The  Caddo  oil  and  gas  field,  Louisiana  and  Texas :  U.  S.  Geo!.  Survey 
Bull.  619,  pp.  17-19,  1916.  Harris,  G.  D.,  Oil  and  gas  In  Louisiana :  U.  S.  Geol.  Survey 
Bull.  429,  p.  125,  1910. 

'Veatch,  A.  C,  Geology  and  underground  water  resources  of  northern  Louisiana  and 
southern  Arkansas :  U.  S.  Geol.  Survey  Prof.  Paper  46,  pp.  23->24,  1906. 
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the  wells  in  the  Caddo  field,*  together  with  some  deeper  beds  of  shales 
imd  sands  that  underlie  a  bed  of  hard  limestone.  It  is  difficult  to 
obtain  samples  of  this  limestone  from  the  drillings,  because  it  is  so 
hard  that  it  is  ground  to  a  fine  powder.  It  resembles  in  character 
some  of  the  limestone  beds  in  the  upper  part  of  the  Lower  Cretaceous 
but  can  not  be  correlated  with  them  if  the  fossils  that  have  been 
obtained  from  wells  in  this  field  came  from  the  deep  sands.  The 
information  on  this  subject  is  summarized  in  the  discussion  of  the 
generalized  section  and  the  correlation  of  the  sections  in  the  De  Soto- 
Ked  River  and  Caddo  fields  (pp.  113^116). 

BB0WI7BT0WN    MABL,    ANNONA    CHALK,    AND    MASLBBOOK    MABL. 

From  450  to  650  feet  of  chalk,  containing  thin  beds  of  shale,  is 
encountered  in  the  wells  in  the  De  Soto-Red  River  field.  This 
chalk  is  believed  to  represent  the  Brownstown  marl,  Annona  chalk, 
and  Marlbrook  marl.'  In  some  parts  of  Red  River  Parish  a  bed  of 
shale  from  a  few  feet  to  100  feet  thick  occurs  between  the  chalk 
and  the  overlying  Nacatoch  sand,  and  this  shale  probably  belongs  to 
the  Marlbrook  marl. 

NACATOCH   BAND. 

The  Nacatoch  sand  is  distinct  from  the  calcareous  shale  and  chalk 
below  and  the  dark-colored  shales  above  it.  As  a  rule  its  base  is 
more  sharply  defined  than  its  top,  owing  to  the  fact  that  there  are 
some  thin  sandy  layers  in  what  is  supposed  to  be  the  base  of  the 
Arkadelphia.  However,  this  sand  and  the  chalk  below  are  the  most 
persistent  and  easy  recognizable  formations  in  the  field.  Of  the  two 
the  sand  can  probably  be  most  clearly  recognized,  for  it  is  a  promi- 
nent salt  water  and  gas  bearing  formation. 

The  thickness  of  the  Nacatoch  sand,  recognized  as  a  lithologic 
unit,  ranges  from  50  to  150  feet  and  averages  125  feet.  As  described 
by  the  driller  it  consists  of  "  gas  rock,"  which  in  some  logs  is  divided 
into  a  number  of  units,  as  in  the  following  section : 

Section  of  Nacatoch  sand  in  a  well  in  De  Soto  Parish,  La, 

Feet. 

Gas  rock 10 

Packed  sand 13 

Hard  gas  rock 12 

Packed  sand 10 

Gas  rock €5 

Sandy  gumbo 25 

The  lowest  unit  in  the  above  section  may  not  properly  belong  to 
the  Nacatoch  sand,  although  a  part  of  that  formation  is  sometimes 

1  MatBOD,  G.  C,  op.  clt.,  pp.  17-19.     Hanin,  O.  D.,  op.  clt.,  p.  126. 

•  MatsoD,  G.  C.»  op.  cit,  pp :  20-28.     Harris,  O.  D.,  op.  clt.,  pp.  128-124. 


m 


tm     iWi^Ww    ■   m^g        IMh       .Xh^JUMa.  .XM- 


DB  SOTO-BED  RIVER  OIL  AND  GAS  FIELD,  LA.  109 

described  as  sandy  shale.  The  recognition  of  hard  and  soft  layers 
in  the  sand  is  common.  There  seem  to  be  slight  regional  differences 
in  the  thickness  or  character  of  the  formation  as  recorded  in  the 
well  logs ;  many  of  the  greatest  differences  shown  are  in  neighboring 
wells,  and  these  are  attributed  to  inaccuracies  of  recording  the 
character  and  thickness  of  the  beds.  The  Nacatoch  is  therefore 
remarkably  persistent  and  uniform. 

This  sand  is  an  important  gas-bearing  formation,  as  might  be 
inferred  from  its  character  as  described  above  and  its  position 
between  "impervious"  beds.  In  the  Caddo  field  this  formation 
contains  heavy  oil  as  well  as  gas,  but  in  the  De  Soto-Red  River  field 
it  has  furnished  nothing  but  gas. 

ABKADELPHIA  CLAY. 

Above  the  Nacatoch  sand  lie  several  hundred  feet  of  clay  and 
shale  that  are  described  by  the  well  drillers  as  shale  and  gumbo. 
The  lower  portion  of  these  beds  belongs  to  the  Arkadelphia  clay,* 
but  in  the  well  logs  this  formation  can  not  be  separated  from  tiie 
overlying  formation,  of  Eocene  age.  A  small  amount  of  sand  occurs 
in  this  formation  just  above  the  Nacatoch  sand.  The  Arkadelphia 
clay  forms  an  impervious  cap  for  the  Nacatoch  sand  and  prevents 
the  escape  of  gas  from  it 

TERTIARY  SYSTEM. 

EOCEKE  6EHIES. 
MIDWAY  FORMATION. 

The  first  definitely  recognizable  formation  in  the  wells  of  the  De 
Soto-Red  River  field  is  the  Nacatoch  sand,  which  is  reached  at  a 
depth  of  700  to  900  or  even  1,000  feet,  the  depth  depending  on  the 
local  structure.  In  penetrating  to  this  sand  the  drill  passes  through 
part  of  the  Wilcox  and  all  of  the  Midway  and  Arkadelphia  forma- 
tions. It  is  not  possible  to  distinguish  these  formations  in  the  well 
records,  because  of  the  close  similarity  of  the  materials  composing 
them.  This  is  especially  true  of  the  Midway  and  Arkadelphia.  In 
the  absence  of  definite  information  the  approximate  base  of  the 
Wilcox  may  be  considered  to  be  at  the  base  of  sandy  beds  and  layers 
of  sandstone  or  concretions.  On  this  arbitrary  assumption  the  Mid- 
way and  Arkadelphia  are  composed  of  about  500  to  600  feet  of  what 
the  driller  calls  shale  and  gumbo  and  in  some  places  boulders.  How 
much  of  this  thickness  belongs  to  the  two  formations  respectively 
can  not  be  stated. 

The  Midway  formation  contains  in  southern  Arkansas,  according 
to  Harris,  *  beds  of  hard  light-gray  limestone  alternating  with  beds 

*  Matson,  G.  C,  op.  dt.,  pp.  25-26.     Harris,  G.  D.,  op.  cit..  p.  122. 
> Harris,  G.  D.»  The  Tertiary  geology  of  soathem  Arkansas:  Arkansas  GeoL  Surrey 
Ann.  Bept  for  1892,  vol.  2,  pp.  8,  22-35. 
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of  light-yellow  sand.  Deussen^  describes  this  formation  in  Texas 
as  composed  of  a  series  of  clays  and  limestones  of  marine  origin 
containing  in  the  lower  part  micaceous  clays  and  clayey  sands  and 
having  a  thickness  of  250  to  500  feet.  In  the  Caddo  field'  the 
Midway  is  known  from  well  logs  to  consist  predominantly  of  clay, 
thin  layers  of  glauconite  and  sand,  and  thin  beds  of  rock  which  are 
probably  in  part  sandstone  and  in  part  limestone,  with  a  total  thick- 
ness of  200  to  300  feet.  To  judge  from  the  1<^  of  the  wells  in  the 
De  Soto-Red  River  field  the  Midway  in  this  field  is  onnposed  of  clay 
with  thin  layers  of  limestone. 

WILCOX  FOBMATION. 

The  Wilcox  formation  underlies  the  entire  field  and  is  exposed  in 
more  or  less  weathered  form  ov6r  more  than  half  of  it*  In  general 
the  formation  crops  out  in  the  hilly  area  and  is  concealed  in  the 
lowlands  along  the  main  streams  and  their  tributaries.  It  is  com- 
posed of  alternating  beds  of  lignitic  sands  and  clays,  together  with 
ferruginous  sandstone,  calcareous  sandstone  concretions,  and  lignite. 
As  exposed  in  this  district  the  formation  may  be  divided  into  two 
members — a  clayey  member  below  and  a  sandy  member  above. 

The  lower  member  consists  largely  of  clay  interbedded  with  thin 
lenticular  layers  of  sand.  In  a  fresh  condition  it  consists  of  gray 
sandy  laminated  clay  containing  more  or  less  comminuted  plant  re- 
mains and  bluish-gray  or  drab  hackly  clay.  On  weathering  the 
sand  does  not  appear  to  be  so  abimdant,  and  the  material  develops 
into  a  deep-red  plastic  clay,  as  exposed  in  and  around  Naborton.  It 
contains  calcareous  concretions,  and  in  its  upper  part  ferruginous 
sandstone  layers  with  plant  impressions. 

The  sandy  member  is  well  exposed  near  Shreveport.  It  is  com- 
posed of  extensive  lenticular  beds  of  sand  and  subordinate  beds  of 
clay.  Lignite,  ferruginous  sandstone  and  limonite  pebbles  are  very 
abundant,  and  in  some  places  clay  pebbles  and  clay  boulders.  Fer- 
ruginous sandstone  with  leaf  and  other  plant  impressions  is  more 
plentiful  in  the  lower  part  than  in  the  upper  part  of  this  member. 
Limonite  pebbles  are  also  more  numerous  in  the  lower  part,  the  iron 
being  derived  from  the  leaching  of  the  ferruginous  sands.  These 
pebbles  are  formed  most  abundantly  at  the  base  of  a  sand  bed  that 
overlies  clay,  which  prevents  the  downward  circulation  of  the  water. 
Silicified  wood  is  common  in  both  members,  especially  in  the  upper 
part  of  the  clayey  member  and  the  lower  part  of  the  sandy  member. 

The  general  character  of  the  Wilcox  formation  is  shown  in  the  fol- 
lowing composite  section : 

^  DeuBBen,  Alexander,  Geology  and  underground  waters  of  the  Bontheastern  part  of  tbe 
Texas  Coastal  Plain :  U.  8.  Geol.  Survey  Water-Supply  Paper  335,  p.  31,  1914. 
'  Matson,  O.  C,  op.  cit,  p.  26. 
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Comfioiite  section  of  WUoox  fonnation  near  NaborUm,  De  Soto  Parish,  La, 

Section  1  mile  MvtfiWMt  of  Zioa  HilL 

Feet. 

Sand,  of  medium  grain,  orange-colored  or  yellow  to  gray 22 

Sand,  of  medium  grain,  pure,  orange-colored 17 

Sand,  same  as  below,  with  small  pebbles  of  light-gray  shale..  13 

Snnd,  of  medium  grain,  pure,  orange-colored  to  yellow 5 

Lignite  and  bone 1 

Sand 10 

Clay,  red 2 

Sand 5 

Shale,  gray,  arenaceous,  weathering  to  red  clay 7 

Sandstone,  concretionary ;  forms  prominent,  hard  layers 1 

Arenaceous  shale  or  laminate^  sandy  clay ;  weathers  to  deep- 
red  fine  sandy  sticky  clay 20 

Concretionary  layer,  calcareous,  sandy 1 

Shale,  arenaceous,  grading  upward  into  clay,  carbonaceous 
clay,  and  laminated  sandy  clay,  containing  fossil  leaves 

on  top 24 

Section  1  mile  loatlieast  of  Naborton. 

Sandstone,  hard,  ferruginous,  with  fossil  leaves;  two  collec- 
tions, obtained  in  the  SW.  i  sec.  14 1 

Clay,  stiff,  red,  granular 25 

Lignite  and  carbonaceous  shale 2 

Shales,  arenaceous,  weathering  to  red  clay 10 

Shales,  gray,  arenaceous,  some  with  carbonaceous  layers  In 

lower  part 13 

Sand,  yellow,  hard,  of  medium  grain 8 

Sandstone,  hard,  ferruginous 2 

Arenaceous  shale  or  laminated  gray  sandy  clay,  with  large 

concretions;  carbonaceous  in  lower  part 15 

Shale 2 

Sandstone,  hard,  ferruginous 21 

Sandstone,  soft,  grading  into  arenaceous  shale  below 9i^ 

Shale,  dark  gray,  with  sandy  layers 6 

Shale,  gray,  arenaceous 2 

Sandstone  and  shale ;  ferruginous  pebbles  and  concretions 5 

Sandstone,  yellow,  of  medium  grain,  soft 3 

Shale,  gray,  sandy,  fine  grained 6 

From  tlie  loff  of  a  well  nemr  Naborton. 

Gumbo 15 

Rock 3 

Sand  and  boulders 4 

Gumbo 7 

Shale  and  rocks 123 

Shale,  gumbo,  and  rock 259 

Gumbo  and  boulders 45 

Base  of  Wilcox  formation  (?).  

686 
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The  lenticular  character  of  the  different  beds  of  this  formation  may 
be  recognized  from  a  comparison  of  the  logs  of  neighboring  wells. 
Although  there  is  always  a  close  similarity  in  the  nature  of  the  ma- 
terials found,  the  several  beds  do  not  show  the  same  intervals  or  the 
same  arrangement  in  wells  only  a  fraction  of  a  mile  apart;  sand- 
stones and  coal  beds  in  one  well  can  not  be  correlated  definitely  with 
similar  beds  in  another. 

The  thickness  of  the  Wilcox  formation  as  penetrated  by  the  drill 
in  this  field  ranges  from  300  to  500  feet,  depending  on  the  local  struc- 
ture, but  farther  south  the  thickness  may  amount  to  800  or  1,000 
feet.  The  formation  is  of  no  commercial  importance  in  this  dis- 
trict, and,  although  it  contains  a  small  amoimt  of  gas  farther  south, 
attempts  to  develop  the  gas  have  been  unsuccessful.  In  this  field  the 
lower  part  of  the  Wilcox  contains  no  thick  beds  of  sand,  and  it  is 
unlikely  that  either  oil  or  gas  will  be  obtained  from  it  in  commercial 
quantities. 

QUATERNARY  SYSTEM. 

The  early  part  of  the  Pleistocene  time  was  a  period  of  erosion, 
during  which  the  major  topographic  features  of  the  present  day  were 
beginning  to  form.*  This  period  of  erosion  culminated  when  the 
general  altitude  of  the  region  was  probably  slightly  lower  than  it  is 
now  and  the  stream  bottoms  were  relatively  shallower.  A  gradual 
subsidence  in  later  Pleistocene  time  made  the  streams  more  sluggish 
and  therefore  incapable  of  carrying  as  great  a  load  as  formerly ;  for 
this  reason  they  began  to  fill  the  valleys  and  to  build  up  the  bottom 
lands.  This  condition  continued  until  broad  flood  plains  were  formed 
on  the  large  streams  at  altitudes  of  190  to  210  feet.  The  relative 
position  of  the  land  and  sea  appears  to  have  remained  stationary  for 
a  considerable  length  of  time,  for  this  plain  was  extensively  devel- 
oped as  a  broad  terrace  covered  by  a  thin  veneer  of  fine  sands  and 
clay.  In  this  particular  area  over  part  of  this  plain  the  Wilcox  oc- 
curs at  the  surface  with  little  or  no  covering  of  terrace  deposits. 

Late  Quaternary  or  Recent  time  has  been  a  period  of  erosion  in 
thi^  area;  the  streams  have  been  sinking  their  beds  into  the  plain 
previously  formed.  The  overloading  of  the  streams  with  silt  and  the 
formation  of  rafts  which  blocked  the  courses  of  the  streams  compli- 
cated their  history;  lakes,  cut-offs,  and  minor  terraces  were  thus 
formed,  and  these  conditions  have  existed  until  the  present  time. 

GENERALIZED  SECTION. 

Plates  IX  and  X  show  the  succession  of  strata  as  they  are  en- 
countered in  the  wells  of  this  field  and  are  described  by  the  driller. 
It  will  be  noticed  that  there  is  a  marked  similarity,  notwithstanding 

^Veatch,  A.  C,  Geology  and  underground  water  resources  of  northern  LoulslaBa  and 
southern  Arkansas:  U.  S.  Oeol.  Surrey  Prof.  Paper  46,  pp.  46-<55,  1900. 
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some  more  or  less  important  diflferences,  in  these  various  well  rec- 
ords. The  greatest  differences  are  probably  due  to  errors  in  keeping 
the  records  and  to  misuse  of  the  descriptive  terms;  thus  the  lime- 
stone of  one  driller  may  be  the  sandstone  of  another. 

Between  the  surface  and  the  top  of  the  gas  sand  there  are  from 
725  to  975  feet  of  strata,  the  thickness  depending  on  the  altitude  of 
the  surface  and  the  local  structure ;  the  average  is  slightly  more  than 
800  feet.  Of  this  material  the  upper  300  feet  is  commonly  described 
as  shale,  sand,  and  gumbo,  and  the  lower  500  feet  as  shale  and  gumbo 
with  a  little  sand.  The  gas  sand  has  a  thickness  of  50  to  150  feet, 
averaging  124.  The  thickness  of  the  chalk  ranges  according  to  dif- 
ferent records  from  450  to  650  feet  and  averages  565  feet.  It  is 
encountered  at  an  average  depth  of  about  940  feet.  Between  the 
base  of  the  chalk  and  the  oil  sand  there  are  about  970  feet  of  strata. 
Of  this  material  the  upper  400  feet  is  composed  largely  of  sand  with 
smaller  quantities  of  gumbo  and  shale;  the  lower  570  feet  is  com- 
posed of  shale,  gumbo,  and  limestone,  with  minor  amounts  of  sand, 
except  near  the  bottom.  Between  the  oil  sand  and  the  deep  gas  sand 
there  are  150  to  200  feet  of  shale,  gumbo,  and  sand. 

Contours  on  the  top  of  the  gas  sand  or  the  top  of  the  chalk  make 
the  oil  sand  appear  about  25  feet  lower  in  the  Red  River  district 
than  in  the  De  Soto  district,  and  thus  either  the  thiclpiess  of  the  in- 
terval between  the  oil  sand  and  the  top  of  the  gas  sand  or  the  chalk 
is  25  feet  less  in  the  east  end  of  the  field,  or  else  the  oil  sand  occurs 
there  25  feet  higher  stratigraphically.  As  this  change  appears  to 
be  gradual  from  the  western  to  the  eastern  part  of  the  field  it  is 
attributed  to  a  slight  thinning  of  the  strata  in  that  direction. 

COMPARISON  OF  DE  80T0-RED  RIVER  AND  CADDO  SECTIONS. 

The  well  logs  shown  on  Plates  IX  and  X  are  arranged  in  their 
geographic  position  and  represent  the  strata  encountered  in  a  series 
of  borings  extending  from  the  Caddo  field  to  the  De  Soto-Red  River 
field.  The  upper  part  of  the  section  down  to  the  base  of  the  gas  sand 
is  very  similar  throughout  this  area,  but  below  that  horizon  there 
are  some  marked  differences. 

In  the  Caddo  field  about  250  feet  of  shale  and  gumbo  with  some 
chalky  layers  immediately  imderlie  the  Nacatoch  sand  and  overlie 
the  thick  chalk  beds.  To  the  south  the  sequence  is  somewhat  differ- 
ent, and  in  De  Soto  Parish  the  sand  rests  in  general  directly  upon 
the  chalk  or  is  separated  from  it  by  not  more  than  50  feet  of  shale, 
which  increases  in  thickness  to  about  100  feet  in  Red  River  Parish. 
The  thickness  of  the  material  described  as  chalk  by  the  driller  is 
much  greater  in  the  De  Soto-Red  River  field,  and  in  four  places  out 
of  five  the  chalk  rests  directly  on  sand ;  in  the  Caddo  field,  however, 
150  to  200  feet  of  gumbo  and  shale  intervene  between  the  chalk  and 
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the  sand.  On  the  assumption  that  these  sands,  including  the  Blos- 
som sand  member  in  the  Caddo  field,  are  of  the  same  age,  the  rela- 
tion of  the  str^ita  in  the  two  fields  appears  to  be  normal,  for  the  more 
southern  field  is  farther  away  from  the  source  of  the  sediments  and 
would  be  expected  to  contain  deposits  formed  in  clearer  water,  such 
as  limestone  and  chalk. 

Whether  this  correlation  is  correct  or  whether  the  shale  and  gumbo 
above  the  Blossom  sand  in  the  Caddo  field  are  the  equivalent  of 
part  of  the  sands  and  shales  in  the  De  Soto-Ked  Kiver  field  can  not 
be  definitely  stated.  In  either  case  this  portion  of  the  section  is 
more  sandy  in  the  southern  field,  and  part  of  the  400  feet  of  domi- 
uantly  sandy  deposits  here  must  represent  the  well-defined  Blossom 
sand  of  the  northern  field,  which  has  a  thickness  of  50  to  200  feet. 

The  thickness  of  the  strata  between  the  Nacatoch  gas  sand  and  the 
oil  sand  is  300  to  350  feet  greater  in  this  field  than  in  the  Caddo  field, 
and  the  difference  is  explained  by  the  increased  thickness  of  sand 
mentioned  above,  the  greater  thickness  of  shale,  and  the  prc^nce 
of  one  or  two  moderately  thick  limestone  beds.  This  difference  in 
interval  between  the  sands  in  the  two  fields  suggests  that  they  may 
not  represent  the  same  stratigraphic  horizon  and  that  the  deep  oil 
sand  in  the  Caddo  field  may  be  higher  and  geologically  younger 
than  the  deep  pil  sand  and  deep  gas  sand  of  the  De  Soto-Eed  River 
field.  Most  of  the  deep  wells  show  a  limestone  bed  ranging  in  thick- 
ness from  20  to  over  100  feet  that  is  stratigraphically  below  the 
oil  sand  in  the  Caddo  field  and  above  the  oil  and  deep  gas  sands  in 
the  De  Soto-Red  River  field.  Some  of  the  logs  of  the  wells  that 
lie  between  the  two  fields  have  been  examined  to  determine  whether 
they  show  this  limestone.  Few  of  the  wells  in  the  Caddo  field  reach 
the  limestone,  because  most  of  them  are  finished  at  the  oil  sand, 
which  lies  100  feet  or  mofe  above  it  But  some  of  the  wells  drilled 
on  the  outskirts  of  the  field  that  failed  to  obtain  oil  in  the  deep  sand 
were  continued  to  greater  depths  and  encountered  the  limestone. 
Among  these  are  Peak  No.  1,  in  sec  23,  T.  22  N.,  R.  15  W.;  the 
Douglass  &  Glassell  No.  1,  in  sec.  30,  T.  20  N.,  R.  14  W. ;  and  the 
well  of  the  Clover  Leaf  Oil  Co.,  on  the  north  side  of  Caddo  Lake, 
about  1  mile  west  of  the  boundary  between  Louisiana  and  Texas. 
Among  the  wells  between  the  two  fields  that  encountered  the  lime- 
stone are  the  Allen  No.  1,  in  sec.  11,  T.  18  N.,  R.  11  W.;  Page 
No.  1,  in  sec.  25,  T.  18  N.,  R.  16  W.;  Scott  No.  1,  in  sec.  11, 
T.  18  N.,  R.  13  W.;  McCutcheon  No.  1,  in  sec.  3,  T.  17  N.,  R.  14  W.: 
Youree  No.  2,  in  sec.  18,  T.  17  N.,  R.  13  W.;  Cooper  No.  2,  in 
sec.  14,  T.  17  N.,  R.  14  W. ;  and  the  well  at  Grand  Cane,  near  the 
middle  of  T.  13  N.,  R.  14  W.  This  limestone  is  recorded  in  most 
of  the  logs  of  wells  that  have  been  drilled  in  the  De  Soto-Red  River 
field,  and  although  it  is  not  recorded  in  the  others  or  in  some  of 


DE  SOTO-BED  BIVEE  OIL  AND  GAS  FIELD,  LA.  115 

the  logs  of  the  wells  in  the  area  between  this  field  and  the  Caddo 
field,  its  apparent  absence  may  be  due  to  the  fact  that  it  has  been 
described  by  other  terms.  Mc^  of  the  logs  that  show  no  limestone 
record  shale  and  boulders  at  the  horizon  where  the  limestone  should 
be  found,  and  the  mistake  would  be  very  natural,  because  the  lime- 
stone is  hard  and  is  usually  ground  to  a  very  fine  powder  that  may 
appear  dark  when  mixed  with  the  mud-laden  fluid  used  in  drilling. 

Through  the  kindness  of  Mr.  William  C.  Ribb,  of  the  Producers 
Oil  Co.,  the  Geological  Survey  was  supplied  with  some  collections 
of  fossils  that  came  from  the  deep  oil  and  gas  sands  in  the  De  Soto- 
Bed  Biver  field.  These  specimens  were  submitted  to  L.  W.  Stephen- 
son, of  the  Survey,  who  reports  as  follows : 

Producers  OU  Co.  Sample  0  10,  depth  2,430  feet : 

Gorbula  aff.  G.  carollnensis  Oonrad. 

A  gastropod  (not  identifiable). 
This  type  of  Gorbula  ranges  throughout  the  zone  of  Exogyra  ponderoia 
Roemer  In  the  Ghattahoochee  region.  In  terms  of  the  section  in  the  vicinity  of 
Austin,  Tex.,  the  age  would  be  that  of  the  Austin  chalk  or  of  the  Taylor  marl. 
In  terms  of  the  section  in  northeastern  Texas  and  southwestern  Arkansas  it 
probably  corresponds  in  age  to  some  part  of  the  Brownstown  marl  or  of  the 
Annona  chalk.  It  is  probably  older  than  the  Marlbrook  marl,  with  the  possible 
exception  of  its  basal  beds. 
.    Producers  OU  Go.  Sample  G  14,  depth  2370  feet: 

Ostrea  lugubris  Gonrad. 

Yolutoderma  sp.  (probably  a  new  apedes). 

Prionotropis  hyatti  Stanton? 

Prionotropis  sp. 

GaUianassa  sp.  (a  crayfish,  identified  by  Miss  M.  J.  Bathbun). 
Mr.  Stanton  has  assisted  me  in  identifj^ing  and  correlating  this  lot.  Prkmo- 
iropis  hyatti  Stanton  was  found  by  him  in  the  upper  part  of  the  Benton 
(Puynellus  sandstone)  of  the  western  interior.  Young  specimens  belonging  to 
this  genus  occur  in  the  Eagle  Ford  shale  in  northeastern  Texaa  The 
Volutoderma  is  simUar  to  though  not  identical  with  any  one  of  the  species  of 
this  genus  found  associated  with  Prionotropis  hyatti  Stanton  in  the  western 
Interior.  Ostrea  luguhris  Gonrad  is  a  characteristic  species  of  the  upper  part 
of  the  Eagle  Ford  shale  of  northeastern  Texas  and  occurs  also  in  association 
with  Prionotropis  hyatti  Stanton  and  with  the  species  of  Volutoderma  in  the 
western  interior. 

We  regard  this  lot  as  indicating  a  stratigraphic  position  corresponding  to  the 
upper  part  of  the  Eagle  Ford  formation  of  Texas  and  to  the  upper  part  of  the 
Benton  formation  of  the  western  interior. 

Mr.  Stephenson  has  also  examined  a  specimen  from  the  Producers 
Oa  Co.'s  Wemple  "B"  1  well,  in  sec.  22,  T.  12  N.,  R.  11  W.,  from 
a  depth  below  2,626  feet. 

Prionocyclus  sp.  (probably  an  undescribed  species).  The  genus  has  been  re- 
ported only  from  the  Golorado  group  of  the  western  interior.  At  localities 
where  the  stratigraphic  position  Is  definitely  known  it  is  below  the  Niobrara 
limestone.  The  evidence  indicates  that,  in  terms  of  the  Gulf  Gretaceous  nomen- 
clature, the  specimen  came  from  either  the  Austin  chalk  or  the  Eagle  Ford 
shale,  and  I  am  inclined  to  the  opinion  that  it  is  from  the  latter. 
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These  fossils  furnish  satisfactory  evidence,  provided  there  is  no 
mistake  as  to  the  depths  from  which  they  came,  that  the  oil  sand  and 
the  deep  gas  sand  in  the  De  Soto-Eed  Biver  field  are  of  Eagle  Ford 
age,  and  from  the  evidence  that  is  summarized  on  page  114  it  is 
iipparent  that  these  sands  are  stratigraphically  lower  than  the  deep 
oil  sand  of  the  Caddo  field.  Hence,  if  they  are  of  Eag:le  Ford  age, 
the  sand  of  the  Caddo  field  must  be  at  least  as  young  as  the  Eagle 
Ford. 

STBUGTUBK 
CONTOUR   MAP. 

Most  sedimentary  rocks,. such  as  sandstone,  shale,  and  limestone, 
are  deposited  from  water  in  approximately  horizontal,  parallel  beds. 
Such  beds  or  strata  may  remain  in  that  position  or  they  may  be  bent 
and  broken.  Bending  produces  folds,  and  breaking  and  slipping  of 
the  strata  produce  faults.  The  upward  folds  are  known  as  anticlines 
and  the  downward  folds  as  synclines.  The  economic  importance  of 
folds  is  due  to  the  fact  that  oil  and  gas  are  commonly  associated  with 
anticlines.  The  attitude  or  position  of  the  rock  beds  with  reference 
to  a  horizontal  plane  is  called  structure. 

Structure  may  be  represented  diagrammatically,  the  arrangement 
and  inclination,  or  dip,  of  the  strata  being  shown  along  a  particular 
line;  or  by  contour  lines,  as  on  Plate  VIII  (in  pocket),  where  the 
shape  and  areal  extent  of  the  folds  are  represented  by  lines  that 
connect  points  of  equal  altitude  on  one  particular  bed,  called  the 
key  rock.  The  mode  of  interpreting  a  structure-contour  map  may  be 
best  understood  by  a  consideration  of  the  method  by  which  it  may 
be  prepared. 

It  is  necessary  to  select  as  a  key  rock  some  bed  that  can  be  recog- 
nized over  the  area  to  be  mapped.  In  the  preparation  of  the  accom- 
panying map  the  top  of  the  shallow  gas  sand  (Nacatoch  sand)  was 
selected.  The  depth  of  the  top  of  the  gas  sand  was  determined  from 
the  logs  of  the  wells.  The  altitude  of  the  wells  above  sea  level  was 
determined  from  level  lines  run  to  the  wells,  and  by  subtracting  the 
altitude  of  the  well  from  the  depth  ta  the  top  of  the  gas  sand,  the 
depth  of  this  key  rock  below  sea  level  was  determined  for  each  well. 
With  these  data  it  was  possible  to  draw  contour  lines  connecting 
points  where  the  oil  sand  has  approximately  the  same  depth  below 
sea  level.  As  these  lines  represent  depths  below  sea  level  the  direction 
from  one  contour  line  to  the  adjacent  one  marked  with  a  larger  num- 
ber indicates  the  direction  of  the  dip ;  the  rate  of  dip  is  greatest  in  the 
area  for  which  the  contour  lines  are  closest  together  and  least  in  tha 
area  for  which  they  are  farthest  apart.  The  beds  dip  in  opposite 
directions  away  from  the  crest  or  axis  of  an  anticline  and  toward 
the  axis  of  a  syncline.    By  representing  the  direction  and  rate  of 
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dip  the  contour  lines  outline  the  shape  and  areal  extent  of  anticlines 
and  synciines. 

If  the  beds  above  the  gas  sand  were  removed  and  its  surface  ex- 
posed to  view,  the  anticlines  or  upward  folds  would  represent  hills 
and  the  synciines  or  downward  folds  would  represent  valleys.  In 
following  the  path  indicated  by  one  of  these  contour  lines  around  a 
hill  or  a  valley  the  traveler  would  remain  always  at  the  same  altitude. 

One  of  the  commonest  mistakes,  however,  is  to  assimie  that  the 
upfolds  and  downfolds  of  the  formations  underground  are  the  same 
as  the  hills  and  valleys  of  the  surface.  Bound  hills,  for  example,  are 
often  mistaken  for  domes,  and  ridges  are  often  thought  to  be  long 
anticlines.  Because  of  mistakes  of  this  character,  it  should  be  borne 
in  mind  that  the  visible  hills  and  valleys  may  bear  no  relation  to 
the  structure  of  the  formations  beneath  the  surface;  in  fact,  the 
relation  may  be  exactly  the  reverse  of  what  might  naturally  be  ex- 
pected, the  anticlines  lying  beneath  valleys  instead  of  beneath  hills. 

GENERAL  STRUCTURE. 

The  De  Soto-Bed  Eiver  oil  field  is  on  the  southern  part  of  the 
Sabine  uplift,  which  is  outlined  in  part  on  the  diagram  (PL  VII) 
by  a  line  indicating  the  area  over  which  the  top  of  the  Nacatoch 
sand  is  less  than  1,000  feet  below  sea  level.  The  contour  lines  on 
Plate  YIII  (in  pocket)  show  the  minor  structural  features  in  as 
great  detail  as  was  possible  with  the  information  available  from 
well  logs  and  examination  of  surface  exposures.  These  lines  repre- 
sent the  top  of  the  Nacatoch  sand  (gas  sand),  and  the  figures  ac- 
companying them  show  the  depth  of  the  surface  of  this  sand  below 
sea  level. 

The  folds  as  represented  by  these  contour  lines  are  very  irregular 
in  shape,  but  probably  a  great  part  of  this  irregularity  is  due 
to  lack  of  sufficient  information  to  represent  the  details  of  struc- 
ture. The  height  of  the  principal  folds  is  comparable  with  that 
of  the  highest  part  of  the  folds  in  the  Caddo  field.*  The  highest 
part  of  the  Nacatoch  sand  in  the  Caddo  field  east  of  Mobringsport 
is,  as  shown  by  the  contour  lines,  550  feet  below  sea  level,  and  the 
highest  part  of  the  folds  in  the  De  Soto-Bed  Biver  field,  as  shown 
by  contour  lines  on  the  same  formation,  is  525  feet  below  sea  level. 

The  mapping  of  the  structure  on  Plate  VIII  is  not  as  detailed 
as  that  shown  on  the  contour  map  of  the  Caddo  field,  because  the 
wells  in  this  field  are  fewer  and  not  as  evenly  distributed  over  the 
area,  and  therefore  there  is  less  information  to  supply  details  of 
the  structural  features.    Probably  if  sufficient  data  could  be  ob- 

^Matson,  G.  C,  op.  clt.,  pi.  7. 
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tained  more  subordinate  anticlines  and  synclines  could  be  shown. 
The  structural  features  as  represented  include  a  broad,  irregular, 
dome-shaped  fold — ^the  Naborton  dome — showing  well-defined  gen- 
eral dips  away  from  its  highest  part.  North  of  this  dome-shaped 
area  is  a  more  definite  anticlinal  fold — the  Smithport  anticline — 
that  follows  the  general  direction  of  the  Smithport  road  south- 
westward  from  a  point  near  Bayou  Pierre  Lake.  The  northern  and 
western  margins  of  the  central  dome  are  made  irregular  by  a  num- 
ber of  small  anticlines  that  project  from  it.  South  of  the  central 
area  is  the  Bice  anticline,  but  the  amount  of  information  available 
does  not  permit  accurate  contouring  of  this  fold.  Northeast  of  the 
central  area,  in  Bed  Biver  Parish,  there  are  low  anticlines  and  a 
broad  structural  terrace  called  the  Crichton  terrace.  The  most 
productive  anticline  in  this  part  of  the  field  is  the  Gusher  Bend 
anticline.  The  structural  terrace  has  not  been  contoured  along 
its  southern  extension  and  is  represented  as  terminating  against  a 
fault  that  extends  from  the  south-central  part  of  the  field  eastward 
to  a  small  oil  pool  in  the  hilly  region  east  of  Bed  Biver. 

The  depth  of  the  Nacatoch  sand  below  sea  level  ranges  from 
525  feet  on  the  crest  of  the  Naborton  dome  to  875  feet  in  the  lowest 
area  contoured.  The  rate  of  dip  in  the  different  parts  of  the  field 
varies  widely,  from  a  few  feet  to  200  feet  or  more  to  the  mile. 

FORM  AND  AGE  OF  FOLDS. 

In  considering  the  folds  in  the  Caddo  oil  field  ^  it  was  noted  that 
there  had  been  folding  in  two  different  directions,  one  set  of  folds  ex- 
tending in  a  northeasterly  direction  and  another,  consisting  of  a 
broad  axial  fold  with  minor  folds  parallel  to  it,  in  a  northwesterly 
direction,  at  nearly  right  angles  to  the  northeasterly 'folds.  These 
sets  of  folds  are  probably  represented  in  a  general  way  on  the  entire 
surface  of  the  Sabine  uplift,  though  their  shapes  and  sizes,  as  well 
as  their  altitudes,  are  variable.  The  northwesterly  arch  that  forms 
the  axis  of  the  Sabine  uplift  probably  extends  in  a  more  or  less 
direct  course  southward  beyond  the  De  Soto-Bed  Biver  field.  Its 
extension  toward  the  northwest  has  not  he&a  traced,  and  its  course 
may  not  be  as  straight  in  that  direction  as  farther  south,  though  it 
probably  connects  with  the  axis  in  the  Caddo  field.  From  this  axis 
the  minor  folds  that  cross  it  pitch  both  to  the  northeast  and  south- 
west. That  these  two  sets  of  folds  were  produced  by  pressure  ex- 
erted approximately  parallel  to  the  bedding  is  inferred  from  the 
fact  that  where  the  folds  can  be  examined  at  the  surface  they  consist 
of  a  series  of  parallel  anticlines  and  synclines  such  as  would  be 
formed  if  the  beds  were  subjected  to  lateral  pressure.    The  forma- 

1  Matson,  G.  C,  op.  cit,  pp.  35-37. 
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tion  of  the  two  sets  of  folds  was  not  simultaneous,  as  is  well  illus- 
trated in  the  Caddo  field,  in  which  the  northeasterly  folds  are  bent 
where  they  are  crossed  by  the  northwesterly  folds.  Apparently  the 
northeasterly  folds  are  the  older,  and  were  distorted  by  the  later 
folding.  The  exact  time  of  folding  can  not  be  determined  from  the 
study  of  one  small  area.  Both  sets  of  folds  affected  beds  of  Wilcox 
age  in  the  De  Soto-Red  River  field,  and  must,  therefore,  have  been 
formed  in  post- Wilcox  time ;  the  general  folding  that  produced  the 
Sabine  uplift  involved  the  youngest  Eocene  beds  farther  south,  and 
it  is  therefore  safe  to  conclude  that  the  folding  is,  in  part  at  least, 
post-Eocene. 

In  preparing  the  structural  map  of  the  De  Soto-Red  River  field 
it  was  foimd  that  the  axes  of  folds  drawn  by  means  of  different 
formations  as  key  rocks  did  not  coincide,  and  this  characteristic  is 
also  shown  on  the  structural  map  of  the  Caddo  field.  It  is  suggested 
that  the  folding  began  during  the  deposition  of  the  Upper  Cretaceous 
formations,  and  that  this  may  account  for  a  certain  erratic  lack  of 
parallelism  of  the  formations  in  the  Upper  Cretaceous  and  also  for 
some  differences  in  position  of  the  axes  of  folds  contoured  on  different 
formations,  though  some  of  these  differences  may  be  explained  in 
other  ways. 

LOGAIi  STRUCTURAL  FEATURES. 
VABORTOV  DOICE. 

The  broad,  flat-topped  dome  that  lies  south  of  the  town  of 
Naborton  is  elongated  in  a  northeasterly  direction,  its  major  axis 
extending  across  the  major  axis  of  the  Sabine  uplift.  The  highest 
part  is  in  sees.  5  and  7,  T.  12  N.,  R.  11  W.  There  is  a  gentle  dip  away 
from  this  apex  which  increases  gradually  and  becomes  much  steeper 
at  distances  of  a  few  miles.  The  northern  flank  of  the  Naborton 
dome  is  crossed  by  a  shallow  syncline  that  separates  the  apex  from 
the  oil-producing  areas  near  Naborton,  and  the  western  margin 
is  made  irregular  by  a  number  of  small  pitching  anticlines  and 
synclines.  The  eastern  margin  is  much  more  regular  than  the 
western  and  extends  down  to  the  area  where  the  dip  is  low,  west  of 
the  oil  pools  in  Red  River  Parish.  The  south  edge  of  the  Naborton 
dome  is  formed  by  the  Gusher  Bend  fault,  which  carries  all  the 
formations  abruptly  downward  toward  the  south. 

SMITHPORT  ANTICLINE. 

A  long,  narrow  anticline  that  extends  from  a  point  near  the 
Sample  wells  of  the  Producers  Oil  Co.,  at  the  west  edge  of  Bayou 
Pierre  Lake,  southwestward  across  sees.  22,  28,  and  32,  T.  13  N., 
R.  12  W.,  is  here  called  the  Smithport  anticline.    This  fold  is  much 


120        CONTRIBUTIONS  TO  ECONOMIC  GEOLOGY,  1917,  PART  U. 

lower  than  the  Naborton  dome,  and  from  the  meager  information 
available  it  apparently  has  gentle  dips  except  near  the  east  end, 
where  it  plunges  steeply  toward  the  northeast.  It  is  separated  from 
the  Naborton  dome  by  a  shallow  syncline  that  deepens  both  toward 
the  northeast  and  the  southwest,  the  higher  part  being  along  the 
line  of  the  major  axis  of  the  Sabine  uplift 
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Some  distance  south  of  the  Naborton  dome,  in  sees.  4,  5,  and  6, 
T.  11  N.,  R.  11  W.,  and  sees.  34,  T.  12  N.,  R.  11  W.,  there  is  a  long, 
narrow  fold  called  the  Bice  anticline.  The  detailed  information 
about  this  anticline  is  scanty,  but  it  is  apparently  low,  having  much 
gentler  dips  than  the  higher  folds  to  the  north.  Its  axis  is  curved, 
possibly  as  a  result  of  the  same  forces  that  produced  the  Gudier 
Bend  fault. 

OEIOETOV  TSRRAOE. 

The  Crichton  terrace,  in  sees.  19,  20,  and  30,  T.  13  N.,  R.  10  W., 
occupies  an  area  where  the  dip  of  the  formations  is  very  low,  and 
although  the  structure  immediately  east  of  it  could  not  be  con- 
toured, the  arrangement  of  the  surface  formations  indicates  that 
the  dip  increases  toward  the  northeast.  It  is  also  possible  that  this 
terrace  is  separated  by  a  broad,  shallow  syncline  from  the  area 
of  higher  folding  southwest  of  it,  but  there  is  no  information  con- 
cerning this  area  aside  from  that  supplied  by  a  few  scattered  dry 
holes,  and  these  data  are  not  sufficient  to  show  the  details  of  the 
structure.  The  Crichton  terrax^e  is  crossed  by  a  number  of  shallow 
sjrnclines  and  anticlines  that  pitch  toward  the  northeast. 

GUSHER  BEND  AVTICLINE. 

Associated  with  the  Crichton  terrace  is  a  low,  broad  anticline  that 
trends  slightly  east  of  north.  This  anticline  is  in  sees.  24,  25,  and 
36,  T.  13  N.,  R.  11  yV^.,  at  the  bend  of  the  river  where  large  yields 
were  obtained  in  many  weUs,  and  is  called  the  Gusher  Bend  anticline. 

GITBHER  BEVn  FATTLT. 

The  southern  margin  of  the  Crichton  terrace  and  the  Gusher  Bend 
anticline,  as  outlined  on  the  map,  is  formed  by  the  Gusher  Bend  fault, 
a  break  in  the  strata  which  near  Red  River  has  carried  the  forma- 
tions downward  on  the  south  side  of  the  fault  between  200  and  225 
feet  below  their  position  on  the  north  side.  This  fault  is  marked  on 
the  eastern  wall  of  the  Red  River  valley  by  a  nearly  vertical  contact 
between  the  clays  in  the  lower  part  of  the  Wilcox  formation  and  the 
sands  forming  the  upper  part  of  the  Wilcox.  The  best  informa- 
tion concerning  the  amount  of  movement  along  this  fault  plane  was 
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obtained  on  the  Armistead  lease  of  the  Oulf  Refining  Co.,  where 
it  was  from  200  to  225  feet,  and  the  amount  of  movement  is  sup- 
posed to  diminish  westward  to  the  point  where  the  fault  termi- 
nates. Toward  the  east  this  fault  may  extend  to  a  small  pool  that 
has  been  developed  on  the  property  of  the  Globe  Lumber  Co.  and 
beyond. 

OTBBB  FAULTS. 

No  attempt  has  been  made  to  locate  all  the  small  faults  in  the 
De  Soto-Red  Kiver  field,  though  it  is  believed  that  there  are  several 
minor  ones  that  extend  in  the  same  general  direction  as  the  Ousher 
Bend  fault.  Probably  none  of  these  faults  are  of  very  great  magni- 
tude, and  their  effect  on  production  is  likely  to  be  local.  Among  the 
places  where  such  faults  have  been  suspected  is  a  locality  on  the 
Christine  lease  of  the  Producers  Oil  Co.,  where  a  producing  well  was 
obtained  in  the  chalk  rock,  and  another  on  the  lease  of  the  Wilson- 
Broach  Oil  Co.  in  the  Naborton  pool,  where  a  showing  of  oil  was 
obtained  in  the  chalk. 

OIL  AND   GAS. 

OIL  AND  QAS  BEABINQ  FOSHATIONS. 

GEOLOGIC  POSITION. 

The  producing  oil  and  gas  bearing  sands  of  northwest  Louisiana 
are  found  in  the  Gulf  series  or  Upper  Cretaceous,  which  includes  in 
this  region  the  following  formations,  arranged  in  order  of  super- 
position : 

Formations  of  Oulf  series  {Upper  Cretaceous)  in  De  Soto  River  oil  and  ga^ 

field.  La, 


FarxDAtlon. 

*           Character. 

Oil  or  gas. 

Range  in  depth. 

krkadelphia  cUy. 

• 

Stiff,  giimmT  clay,  with 
some  sandy  layers  In 
lower  fMtft. 

Naoatocih  sand. 

Sand,  with  some  layers  of 
clay  and  hard  sandstone. 

Prominent  gas  sand. 

Top  at  725-075  feet. 

>farlbroolc  marl. 

Shale  or  marl  above;  vdiite 
chalk  below. 

Some   oil,    supposedly 
derived    from    lower 
formations     through 
foults. 

Top  at  850-1,050  feet. 

.\imooa  cbalk. 

Cbalk. 

Brownstown  marl. 

Probably  marl  and  dialk 
above;  shale  and  sandv 
shale,  with  some  sand, 
below. 

Showings  of  oil  and  gas 
below  base  of  chalk. 

Eagto  Ford  shale. 

Shales,  sands,  and  prob- 
ably Umestooe  beds. 

Principal   oil  sand   of 
field;  also  deep  gas 
sand.tt 

OU  sand  at  2,450-2J»0 
feet;  deep  gas  sand  at 
2,660-2,7Mreet. 

WoodbtM  sand. 

Not  definitely  reoofnited 
in  this  field. 

•  Exaet  correlation  onoertatai;  may  be  older  than  faidicated.   (See  pp.  115-116.) 
6W12*'— Bull.  661—18 9 
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All  the  sands  of  these  formations  appear  to  be  saturated  and 
usually  yield  a  flow  of  salt  water  where  oil  and  gas  are  absent. 

NACATOCH  SAND. 

Because  of  its  porous  character  over  wide  areas,  the  Nacatoch 
sand  is  particularly  suitable  as  a  reservoir  for  the  coUectiop  of  oil 
and  gas  and  for  their  accumulation  in  areas  of  favorable  structure. 
It  is  composed  of  50  to  150  feet  of  sand  of  variable  porosity,  with 
a  number  of  irregular  indurated  layers.  This  sand  is  the  shallowest 
productive  formation  in  the  field  and  occurs  at  a  depth  of  725  to 
975  feet,  the  depth  depending  on  local  structure  and  the  altitude  of 
the  surface.  It  has  been  tested  at  a  nimiber  of  widely  separated 
places  in  the  field  and  has  yielded,  so  far,  large  quantities  of  gas  but 
little  or  no  oil.  The  wells  in  this  sand  have  capacities  reaching 
15,000,000  cubic  feet  of  gas  a  day  and  rock  pressures  of  300  to  350 
pounds  to  the  square  inch. 

CHALK. 

Oil  is  found  sporadically  in  the  chalk,  and  at  least  one  well  has 
been  finished  in  it.  The  oil  may  occur  in  a  porous  layer  of  chalk  or 
sand,  but  it  is  much  more  probably  contained  in  cracks  and  crevices, 
having  migrated  upward  along  a  fault  plane. 

OIL  SAND. 

The  principal  oil-bearing  formation  of  this  field  is  approximately 
1,660  feet  below  the  top  of  the  Nacatoch  sand,  and,  as  stated  on  pages 
115-116,  its  exact  age  is  not  known.  The  productive  sands  are  found 
below  one  or  more  beds  of  limestone  which  seem  to  be  persistent  but 
w^hich  are  variously  described  as  limestone,  chalk,  shale,  boulders, 
etc.  The  sands  are  relatively  thin  and  lenticular  and  are  interbedded 
with  shale  and  some  hard  layers.  They  do  not  occur  at  a  very  defi- 
nite horizon  but  extend  through  an  interval  of  60  or  100  feet.  The 
greater  variability  in  the  character  of  these  sands,  as  compared  with 
that  of  the  Nacatoch  sand,  makes  them  less  regular  in  production, 
especially  in  De  Soto  Parish.  In  Red  Kiver  Parish  the  sand  appears 
to  be  more  persistent  and  consequently  more  uniformly  productive. 

Over  the  greater  part  of  the  productive  area  wells  drilled  in  this 
sand  have  a  strong  initial  flow  ranging  from  less  than  100  to  6,000 
or  8,000  barrels  in  24  hours.  Wells  producing  1,000  barrels  or  more 
are  common,  especially  in  the  east  end  of  the  field.  (See  figs.  19,  20.) 
The  wells  decline  gradually  as  the  pressure  is  relieved  and  finally 
cease  to  flow ;  they  are  then  pumped  until  exhausted. 

These  sands  are  also  a  minor  source  of  gas,  and  some  wells  of  good 
volume  and  pressure  have  been  completed  in  them.    The  wells  have 
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a  maximum  volmne  of  15,000,000  cubic  feet  and  rock  pressures  of  700 
to  1,000  pounds  to  the  square  inch. 

DEEP  GAS  SAND. 

Bet\Feen  the  oil-bearing  sands  just  described  and  the  deep  gas  sand 
there  is  an  interval  of  150  to  200  feet,  which  is  occupied  by  shale, 
hard  layers  of  sandstone  or  shaly  limestone,  and  thin  beds  of  sand. 
The  amount  of  sand  increases  in  the  lower  part.  The  gas  in  the  deep 
sand  occurs  in  well-defined  beds  of  considerable  thickness,  which  are 
probably  of  greater  persistence  than  the  higher  sands,  because  these 
lower  beds  are  more  uniformly  productive.  Some  wells  that  are 
unproductive  in  the  oil  sand  have  been  developed  as  ^^gassers"  of 
considerable  volume  in  this  deep  sand. 

The  capacity  of  the  wells  in  the  deep  gas  sand  reaches  85,000,000 
cubic  feet  or  more,  and  tiie  rock  pressure  ranges  from  1,000  to  more 
1,200  pounds  to  the  square  inch. 

o&iaiN. 

A  discussion  of  the  theories  that  have  been  advanced  to  explain, 
the  formation  of  oil  and  gas  is  beyond  the  scope  of  this  paper.  In 
seeking  for  a  source  for  these  materials  in  the  De  Soto-Bed  Biver 
field  it  was  found  that  the  shales  associated  with  the  sands  and  in 
some  places  the  sands  themselves  contain  considerable  organic  mat- 
ter which  was  apparently  derived  chiefly  from  vegetation,  and  it  is 
believed  that  the  oil  and  gas  were  formed  from  this  organic  matter 
by  slow  chemical  changes,  which  may  have  been  facilitated  by  mod- 
erately high  temperature  and  the  pressure  caused  by  the  load  of 
sediments  that  overlie  them,  and  by  the  thrusts  to  which  they  have 
been  subjected.  The  gas  from  the  Nacatoch  sand  is  chiefly  methane, 
and  is  almost  identical  in  composition  with  some  of  the  gas  formed 
from  decaying  vegetable  matter  in  present-day  swamps  where  there 
is  enough  water  to  exclude  the  air  from  the  decomposing  vegetation. 

The  gas  in  the  deeper  sands  has  a  different  composition,  but  this 
may  be  explained  by  the  fact  that  it  was  probably  formed  at  greater 
depths,  where  the  temperature  was  higher  and  the  pressure  greater. 
The  theory  that  oil  and  the  higher  hydrocarbons  in  the  deep  gases 
may  have  been  derived  from  bituminous  shales  is  supported  by  results 
of  recent  examination  of  oil  shales  in  the  Western  States.^  There  is 
no  doubt  that  clays  and  shales  similar  to  these  oil  shales  have  a 
comparatively  wide  distribution,  because  oil  can  be  distilled  from 

1  Woodruff,  BL  G.,  and  Day,  D.  T.,  OU  shale  of  northwestern  Colorado  and  northeastern 
Utah:  U.  S.  Geol.  Survey  Bull.  581,  pp.  1-21,  1016.  Winchester,  D.  B.,  Oil  shale  in 
northwestern  Colorado  and  adjacent  areas:  U.  8.  GeoL  Surrey  Bnll.  641,  pp.  13^108, 
1916  (Boll.  641-F). 
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most  carbonaceous  shales.  Although  the  temperatures  used  in  dis- 
tilling the  oil  shales  are  higher  than  temperatures  ordinarily  found 
at  the  depths  of  the  oil  and  gas  sands,  the  distillation  might  be  accom- 
plished during  long  periods  of  time  at  lower  temperatures. 

BELATION  TO  STBUGTTJBE. 
GENERAL  BELATIONS. 

The  early  investigations  in  oil  fields  revealed  the  fact  that  the 
occurrence  of  oil  and  gas  is  related  to  the  structure  of  the  oil  sands 
and  associated  formations.  In  some  of  the  older  fields  the  relations 
to  structure  were  very  clear,  the  oil  and  gas  having  accumulated  in 
anticlines,  in  which  gas  occupied  the  higher  parts  of  the  folds  and 
beneath  that  in  regular  succession  came  oil  and  salt  water.  In  some 
places  where  the  gas  was  absent  the  oil  occupied  the  top  of  the  fold. 
It  was  noted  that  these  substances  were  arranged  in  the  anticlines  in 
the  order  of  their  specific  gravity,  the  lightest  substance,  gas,  being 
at  the  top,  and  the  heaviest,  salt  water,  being  the  lowest.  It  was 
supposed  that  these  substances  had  originally  been  mixed  and  that 
they  had  separated  and  taken  up  their  relative  positions  under  the 
influence  of  gravity.  This  explanation  was  satisfactory  for  a  great 
many  oil  and  gas  fields  and  for  a  long  time  it  remained  unmodified. 

The  condition  of  the  water,  whether  stationary  (hydrostatic)  or 
moving  (hydraulic),  was  not  discussed  in  presenting  the  earlier  ex- 
planations of  the  relation  of  oil  and  gas  to  structure.  The  important 
points  were  that  these  substances  had  originally  been  mixed  with 
the  salt  water  and  had  been  separated  out.  Later  investigations 
threw  some  doubt  on  the  adequacy  of  the  anticlinal  hypothesis  of 
separation  under  the  influence  of  specific  gravity  alone  and  experi- 
ments ^  were  undertaken  to  determine  whether  such  separation  would 
take  place.  In  investigations  lasting  several  months  oil  did  not  rise 
through  sands  saturated  with  salt  water,  and  although  the  period 
covered  by  the  investigators  was  short  the  results  suggested  the  in- 
adequacy of  the  older  hypothesis.  A  newer  and  modified  form  of 
this  hypothesis  is  that  the  separation  took  place  while  the  fluids  were 
circulating  through  the  porous  beds,  the  accumulation  being  facili- 
tated by  the  movement  of  these  fluids  and  the  arrangement  being 
determined  by  the  gravity  of  the  substances.  It  might  be  urged 
against  this  explanation  that  there  is  probably  very  little  circulation 
of  water  in  deeply  buried  sands  and  that  the  character  of  the  water 
associated  with  the  oil  and  gas  indicates  that  no  great  amount  of 
circulation  has  taken  place.  However,  it  is  probable  that  there  are 
very  few  sands  in  which  there  is  no  movement  of  water  and  it  is  not 

*  Munn,  M.  J..  Reconnaissance  of  the  Grandfleld  district,  Okla. :  U.  S.  Geol.  Surrey  Boil* 
547,  pp.  78,  79,  1914. 
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necessary  that  this  movement  be  sufSciently  great  to  permit  the  in- 
cursion of  fresh  water  into  the  field  in  order  to  cause  the  accumula- 
tion of  the  oil  and  ga&  Probably  the  major  portion  of  the  circula- 
tion is  everywhere  under  the  influence  of  gravity  and  its  direction  is 
away  from  the  place  where  the  porous  formation  is  at  the  surface. 
Circulation  may  have  taken  place  in  folded  beds  at  the  time  of  fold- 
ing, water  having  been  squeezed  out  of  the  porous  beds  as  the  result 
of  pressure  and  consequent  decrease  in  volume  of  pore  space  in  the 
formation.  Accumulation  as  the  result  of  hydraulic  pressure  will 
take  place  where  there  are  anticlines  to  trap  the  lighter  fluids  or 
where  there  are  local  barriers  to  the  migration  of  the  fluids.  These 
local  barriers  may  be  either  lenticular  beds  of  fine  sand,  indurated 
sandstone,  or  lenses  of  clay.  It  is  probable  that  in  many  places 
accumulation  is  the  result  of  the  combined  effects  of  folds  and  rela- 
tively impervious  barriers  in  the  oil  sands. 

In  the  examination  of  the  western  oil  shales  ^  it  was  found  that  a 

« 

small  amount  of  the  oil  existed  as  such  in  the  shale  before  distilla- 
tion. If  it  is  assumed  that  oil  is  formed  in  the  shales  and  sands,  as 
has  been  outlined  in  discussing  the  origin,  the  principal  problem  in- 
volved is  to  explain  its  accumulation  in  porous  sands  under  the  influ- 
ence of  structure  and  variations  in  the  texture  of  the  sands.  Prob- 
ably the  first  process  is  a  slow  interchange  in  position  of  water  and 
oil,  the  oil  moving  into  the  more  porous  beds  and  the  water  into  those 
of  finer  texture.  This  interchange  would  be  facilitated  by  the  slow 
earth  movements  that  are  probably  constantly  in  progress  and  would 
be  hastened  by  the  processes  of  deformation  that  produce  the  folds. 
The  final  process  would  be  migration  of  the  oil  under  hydraulic  pres- 
sure and  accumulation  in  the  large  productive  pools  under  the  influ- 
ence of  the  water  circulation  and  gravity. 

BELATIONS  IN  THE  DE  SOTO-KED  RIVER  FIELD. 

The  gas  and  oil  in  the  De  Soto-Red  Kiver  field  were  probably  accu- 
mulated under  hydraulic  pressure.  This  hypothesis  is  supported  by 
the  relations  of  these  substances  to  the  structure  and  by  the  occur- 
rence of  the  oil  in  very  productive  pools  of  small  area.  The  amount 
of  oil  in  these  pools  is  too  gteat  to  be  satisfactorily  explained  by 
assuming  a  local  source  on  the  flanks  of  the  gentle  folds  that  exist 
in  this  region: 

VACATOOR  BAHB. 

The  Nacatoch  sand  in  the  De  Soto-Red  River  field  has  furnished 
considerable  gas  but  no  oil,  though  drilling  has  not  been  extended 
around  the  gas-producing  area,  and  therefore  it  is  not  safe  to  say  that 
oil  will  not  be  found  in  this  sand.    Because  of  its  wide  distribution 

*  Woodruffp  E.  G.,  and  Day,  D.  T.,  op.  cit.,  pp.  6-7. 
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and  notable  porosity,  the  Nacatoch  sand  presents  ideal  conditions  for 
the  accumulation  of  oil  and  gas  under  the  influence  of  gravity;  in 
other  words,  it  favors  accumulation  according  to  the  anticlinal 
theory.  However,  it  is  unlikely  that  the  salt  water  that  is  abundant 
in  the  sand  below  the  level  where  gas  occurs  has  been  stationary  dur- 
ing the  gas  accumulation.  This  sand,  furnishes  gas  at  many  places 
in  northwestern  Louisiana,  and,  so  far  as  has  been  noted,  the  gas 
occurs  invariably  in  high  parts  of  the  folds.  In  the  Caddo  field  the 
lower  limiti^  of  the  gas-bearing  portion  of  the  sand  follow  very 
closely  the  course  of  one  of  the  structure  contours,  and  although  the 
volume  of  gas  in  the  De  Soto-Eed  River  field  is  not  as  great  as  in  the 
Caddo  field,  it  is  probable  that  the  lower  margin  lies  at  a  nearly 
uniform  level  in  this  field  also,  though  somewhat  higher  than  in  the 
Caddo  field.  If  any  oil  is  found  in  this  sand  it  will  be  around  the 
margins  of  the  gas-producing  area. 


Very  few  wells  encountered  any  showmgs  of  oil  in  this  chalk,  and 
the  only  one  that  has  proved  an  important  producer  is  on  the  Chris- 
tine lease  of  the  Producers  Oil  Co.,  but  wells  in  chalk  rock  are  much 
more  common  in  the  Caddo  field,  and  the  distribution  of  the  oil,  as 
shown  by  the  drilling  of  many  wells  in  close  proximity  to  large  wells 
in  this  formation,  indicates  that  the  oil  comes  either  from  a  porous 
bed  of  slight  ext^at  or  from  crevices.  It  is  therefore  suggested  that 
the  oil  in  the  chalk  may  have  been  derived  from  the  deeper  sands  by 
migration  along  fault  planes.  A  showing  of  oil  has  been  noted  in  the 
sands  immediately  below  the  chalk,  but  no  oil  has  been  produced 
from  these  sands,  and  it  is  impossible  to  say  whether  the  oil  in  the 
chalk  has  accumulated  from  local  sources  or  has  migrated  to  its  pres- 
ent position  from  some  distant  source. 


OIL  BAXD. 


The  oil  sand  in  the  De  Soto-Red  River  field  does  not  present 
favorable  conditions  for  accumulation  in  the  higher  parts  of  the 
folds,  because  the  beds  are  more  or  less  lenticular  and  the  formation 
is  thin.  An  examination  of  the  relation  of  the  oil  pools  to  the  struc- 
ture shows  that  they  occur  considerably  below  the  tops  of  the  highest 
structural  features,  probably  because  of  minor  structural  features 
and  because  the  upward  migration  has  been  interrupted  by  barriers 
in  the  form  of  fine-grained  sands  or  beds  of  shale.  It  is  difficult  to 
get  reliable  information  concerning  the  thickness  and  character  of 
the  sands  from  the  samples  obtained  in  drilling  by  the  rotary  method, 
but  many  of  the  wells  that  are  outside  of  the  producing  areas  and 
between  those  areas  and  the  high  parts  of  the  folds  show  considerable 
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porous  6ftnd,  and  it  is  unlikely  that  the  migration  of  the  oil  is  pre- 
vented by  continuous  barriers  of  fine-grained  sediments.  The  prin- 
cipal areas  of  production  in  this  field  are  all  in  places  where  there  is 
a  flattening  of  the  dip  on  the  slopes  of  the  major  folds,  and  it  is  prob- 
able that  the  accumulation  was  influenced  more  by  this  flattening, 
which  in  the  area  containing  the  pools  in  Red  River  Parish  forms  a 
a  well-defined  structural  terrace,  than  by  increase  in  the  fineness  of 
the  sand.  There  can  be  little  doubt  that  the  oil  in  the  larger  pools 
has  been  brought  to  its  present  position,  in  part  at  least,  by  move- 
ments of  the  water  through  the  sand,  and  it  will  be  observed  that  the 
producing  areas  lie  where  the  circulation  would  be  first  impeded  by 
the  change  in  structure. 

The  producing  areas  near  Naborton  are  on  the  north  flank  of  the 
Naborton  dome,  above  the  Bottom  of  the  syncline  that  separates  this 
dome  from  the  Smithport  anticline,  in  the  locality  where  this  syncline 
is  rendered  shallow  by  crossing  the  major  axis  of  the  Sabine  uplift. 
The  pools  in  Red  River  Parish  are  on  the  east  edge  of  the  Sabine  up- 
lift, and  although  little  information  is  at  hand  about  the  dip  to  the 
northeast  beyond  the  productive  area,  it  is  probably  much  steeper 
there  than  in  the  producing  areas. 

On  page  107  it  was  noted  that  there  is  a  resemblance  between  the 
formations  penetrated  in  the  lower  parts  of  the  wells  in  this  field 
and  those  in  southern  Arkansas,  and  it  is  believed  that  this  resem- 
blance is  to  be  explained  by  the  facts  that  the  drainage  which  brought 
these  materials  to  their  present  position  came  from  the  northeast 
and  that  the  sands  are  therefore  continuous  between  this  field  and 
southern  Arkansas.  This  circulation  of  the  water  from  the  north- 
east would  favor  the  accumulation  of  oil  on  the  northeast  side  of 
the  folds,  whereas  circulation  from  the  northwest,  such  as  clearly 
occurred  in  the  Caddo  field,  would  favor  accumulation  on  the  north- 
west side  of  the  folds  and  would  present  conditions  that  were  unfa- 
vorable for  large  pools  on  the  east  side,  where  the  most  productive 
areas  in  the  De  Soto-Red  River  field  are  located. 

DEEP  GAS  BAVn. 

The  deep  gas  sand  is  productive  more  uniformly  and  over  a  wider 
area  than  either  the  oil  sand  or  the  shallow  gas  sand.  Many  wells 
that  have  been  drilled  to  the  oil  sand  without  success  have  obtained 
gas  in  the  deep  gas  sand.  Moreover,  the  relation  between  the  struc- 
ture of  the  rocks  and  the  accumulation  of  gas  in  this  sand  is  closer 
than  that  between  the  structure  and  the  accumulation  of  oil  in  the 
oil  sand. 

The  wider  distribution  of  the  gas  in  this  sand  is  shown  by  the 
occurrence  of  gas  farther  down  the  slopes  of  folds  and  on  lower 
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folds  than  in  the  higher  sands,  as  is  illustrated  by  the  large  gas 
wells  on  the  Sample  lease  of  the  Producers  Oil  Co.,  in  sec.  23,  T.  13  N., 
E.  12  W.,  and  by  McCormick-Nabors  well  C-2  of  the  Gulf  Be&iing 
Co.,  in  sec.  28,  T.  13  N.,  B.  11  W.  It  is  necessary  to  conclude,  there- 
fore, that  the  ratio  of  the  volume  of  the  gas  to  tlie  salt  water  in  this 
sand  is  greater  than  that  of  the  oil  and  gas  to  the  salt  water  in  the 
overlying  sands.  These  facts  and  the  general  occurrence  of  gas  in 
the  deep  sand  in  areas  of  favorable  structure  lead  to  the  conclusion  that 
this  sand  is  more  uniform  in  thickness  and  porosity  than  the  oil 
sand  above. 

COMFOBinON. 
OIL. 

« 

AVALT8S8. 

The  analyses  shown  in  the  accompanying  table  were  made  of  small 
samples  from  individual  wells,  and  the  results  may  not  be  char- 
acteristic of  the  oils  of  the  different  fields;  The  gravity  of  north- 
western Louisiana  oils,  in  degrees  Baume,  is  given  by  J.  W.  Smith  ^ 
in  a  recent  report,  as  follows :  Caddo  light,  38-45.5 ;  Caddo  heavy, 
19^8 ;  De  Soto,  38-41.5 ;  Bed  Biver,  40.5-42.5.  The  gravity  of  the 
different  samples  as  shown  in  the  tables  differs  only  slightly  from 
the  figures  given  by  Smith,  though  in  comparing  individual  fields 
it  will  be  noted  that  none  of  the  samples  from  the  Caddo  field  ap- 
proach the  maximum  gravity  for  that  field.  It  must  be  inferred, 
therefore,  that  these  samples  do  not  include  a  representative  of  the 
lightest  oil  of  the  Caddo  field. 

1  Louisiana  Conservatioxi  Comm.  Kept  Irom  Apr.  1,  1914,  to  Apr.  1,  1910,  p.  78. 
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In  discussing  the  analyses  it  is  assumed  that  the  product  up  to 
150°  C.  is  gasoline,  that  between  150°  and  300°  C.  is  kerosene,  and  the 
remainder  is  residuum.  In  refining  the  amount  of  gasoline  may  be 
increased  by  distilling  to  a  somewhat  higher  temperature,  provided 
the  requirements  of  the  trade  do  not  call  for  a  high-gravity  gasoline, 
and  it  is  probable  that  in  practice  some  of  the  oil  that  distills  above 
150°  Is  included  ^ith  the  gasoline.  This  would  result  in  a  decrease 
in  the  amount  of  kerosene  unless  the  oil  is  distilled  at  a  higher  tem- 
perature than  300°  C.  in  producing  the  kerosene.  With  increased 
temperatures  the  gravity  of  the  product  is  lower.  It  is  important  to 
know  the  percentages  of  unsaturated  hydrocarbons,  especially  those 
of  the  kerosene,  because  thorough  refining  necessitates  their  removal, 
which  adds  to  the  cost  of  producing  the  kerosene  and  decreases  the 
quantity. 

OIL  FBOM  CHALK  BOOK. 

Two  samples  were  obtained  from  wells  that  procured  oil  in  the 
chalk  rock.  One  of  these,  from  the  Christine  well,  in  De  Soto  Parish, 
has  a  specific  gravity  of  0.7973  (46.6°  B.),  which  indicates  that  it 
is  one  of  the  very  light  oils  of  northwestern  Louisiana  and  not  a 
heavy  oil  such  as  is  characteristic  of  the  chalk  rock.  The  sample 
from  the  Leonard  well  No.  1,  in  the  Caddo  field,  is  much  more  repre- 
sentative of  the  oil  from  the  chalk  rock  than  that  from  the  Christine 
well.  The  percentage  of  unsaturated  hydrocarbons  in  these  two  sam- 
ples is  very  different,  but  there  is  a  closer  agreement  in  the  per- 
centage of  unsaturated  hydrocarbons  in  the  kerosene.  The  two  sam- 
ples also  differ  notably  in  their  percentages  of  asphalt. 

OIL  FBOM  OIL  SAVD. 

The  oil  from  the  deep  sand  in  De  Soto  Parish  is  represented  by 
a  single  analysis,  but  the  deep  sand  in  Red  River  Parish  is  repre- 
sented by  three  samples  that  show  a  small  variation  in  the  gravity 
and  the  content  of  lighter  hydrocarbons  and  considerable  variation 
in  the  percentages  of  kerosene  and  residuum.  The  percentages  of 
unsaturated  hydrocarbons  in  the  crude  samples  from  De  Soto  and 
Red  River  parishes  were  comparatively  low,  and  those  in  the  kero- 
sene were  too  low  to  be  important.  None  of  these  samples  showed 
high  percentages  of  asphalt. 

In  the  Caddo  field  the  deep  sand  is  represented  by  two  samples, 
one  of  which,  from  the  McCue  Levee  Board  well,  was  of  exception- 
ally low  gravity  for  deep-sand  oil  in  this  field,  and  its  percentage  of 
gasoline  was  correspondingly  low.  The  gravity  of  the  sample  from 
the  Allen  well  was  only  a  fraction  above  the  lowest  gravity  given  by 
Smith  for  the  light  oils  of  this  field,  but  this  sample  furnished  ft 
high  percentage  of  gasoline.    The  yield  of  kerosene  from  these  two 
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samples  was  relatively  low.  The  percentages  of  unsaturated  hydro- 
carbons were  apparently  high  for  the  deep-sand  oils,  and  there  was 
a  wide  variation  in  the  asphalt. 

Two  samples  from  the  deep  sand  in  the  Pelican  field  showed  little 
variation  in  the  gravity  and  in  tbe  amounts  of  light  hydrocarbons. 
They  averaged  slightly  higher  in  gravity  and  in  the  contents  of  gaso- 
line than  the  samples  from  Red  River  Parish,  but  their  kerosene 
yield  was  somewhat  lower.  The  percentages  of  unsaturated  hydro- 
carbons were  relatively  small  and  neither  of  these  samples  showed 
any  asphalt. 

OIL  FROM  SHAXXOW  SAND. 

In  northwestern  Louisiana  the  only  shallow  sand  that  has  fur- 
nished oil  is  the  Nacatoch  sand  in  the  Caddo  field,  but  in  north- 
eastern Texas  two  or  three  shallow  sands  have  been  productive. 
The  relations  of  these  sands  to  the  Nacatoch  sand  in  Louisiana 
have  been  determined,  the  one  at  Powell  being  of  the  same  age 
as  the  Nacatoch  sand,  the  one  at  Corsicana  being  older,  and  the  one 
at  Angus  being  doubtfully  correlated  with  the  Nacatoch  sand.  For 
purposes  of  comparison  some  analyses  of  samples  from  these  shal- 
low sands  have  been  inserted  in  the  table.  The  sample  from  the 
Nacatoch  sand  (Dawes  well)  is  much  heavier  than  most  of  the 
samples  obtained  from  the  deep  sand  in  northwestern  Louisiana, 
but  only  slightly  heavier  than  the  sample  from  the  Leonard  well, 
in  the  Caddo  field.  The  Wright  well,  in  the  Powell  field,  furnished 
a  sample  that  was  a  little  lighter  than  the  one  from  the  Dawes 
well.  The  sample  from  the  Corsicana  field  was  a  composite  of  the 
oil  supplied  by  two  wells.  This,  oil  was  much  lighter  than  that 
from  the  Powell  field,  and  its  gasoline  yield  exceeded  that  of  any 
of  the  samples  from  northwestern  Louisiana  except  the  one  from 
the  Christine  well.  The  amount  of  kerosene  was  somewhat  lower 
than  in  the  samples  from  De  Soto  and  Red  River  parishes,  but 
higher  than  in  those  from  the  deep  sand  of  the  Caddo  field.  The 
percentages  of  unsaturated  hydrocarbons  in  the  crude  samples  from 
the  Corsicana  field  were  relatively  high,  and  those  in  the  kerosene 
were  high  in  one  sample  and  low  in  the  others.  The  asphalt  in 
one  sample,  that  from  the  Dawes  well,  was  low. 

GAS. 

The  analyses  in  the  subjoined  table  show  the  composition  of  the 
gas  obtained  in  a  number  of  wells  in  northwestern  Louisiana  from 
diflPerent  sands,  and  in  one  well  in  the  Mexia-Groesbeck  field,  Texas, 
from  the  Nacatoch  sand,  the  substantial  -equivalent  of  the  shallow 
gas  sand  of  northwestern  Louisiana.  The  analysis  of  a  sample  ob- 
tained from  the  Mackey  lease,  near  Corsicana,  is  also  included. 
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though  the  sand  containing  this  gas  is  probably  slightly  older  than 
the  Nacatoch. 


Analyses  of  gas  from  Louisiana  and  Texa*. 

[Made  by  Bureau  of  Mines;  G.  A.  Burrell,  analyst,    iamples  coUeoted  by  O.  B.  Hopkins,  except  as  other- 
wise stated.] 


1 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

Carbon  dioxide  (Cd) 

Oxygen  (Oj). 

1.6 

.3 

95.6 

1.6 

20 

89.3 

1.0 

.0 

0&5 

ao 

.1 

9a9 

ao 

.0 

9a6 

a6 

1.0 
94.3 

Tr. 

ao 

96.6 

1.7 

1.1 

91.9 

1.2 

.0 

96.7 

a2 

.1 

92.4 

8.4 

8.9 

a9 

.0 

91.9 

6.2 

1.0 

as 

.0 

Meth^e  (CH*) e 

97.6 

Ethane  (CtHi) 

.0 

Nltrofsen  (N«)'. 

2.6 

7.2 

.6 

3.0 

3.6 

4.1 

1.6 

6.3 

.1 

22 

100.0 

110.0 

loao 

100.0 

100.0 

100.0 

100.0 

loao 

100.0 

100.0 

100.0 

100.0 

Specific  gravity: 

Determined. 

Calculated 

0.58 

0.58 
.57 
4.6 

1,044 

0.57 
.57 

ass 

.67 

a  57 

.57 

lao 

1,027 

a59 

.58 

lao 

1,062 

a56 

aoo 

a68 

.67 

U.2 

1,051 

0.00 
.60 

a62 

.60 
11.8 

1,005 

a  57 

Oil  absorption  (per  cent) . . . 

Heating  value  ( British  ther- 
mal tmits  per  cubic  foot  at 
0*  C.  and  760  millimeters 
Dnssure). .,.,.. ,,-,.. 

10.6 
1,018 

1,050 

1,031 

1,052 

979 

1,038 

Nos.  1  to  7  from  Nacatoch  sand;  No.  8  older  sand  in  Corsicana  field;  Nos.  9  to  II  from  oil  sand;  No.  12 
from  deep  gas  sand. 

1.  Well  No.  28  of  Arkansas  Natural  Oas  Co.,  sec.  6,  T.  21  N.,  R.  15  W.,  2)  miles  south  of  Vivian,  Caddo 
Parish ,  La. 

2.  well  No.  29  of  Arkansas  Natural  Oas  Co.,  2\  miles  south  of  Vivian,  Caddo  Parish,  La. 

8.  Edwards  well  No.  1  of  Southern  OU  ii  Gas  Co.,  sec.  28,  T.  22  N.,  R.  11 W.,  near  Vivian,  Caddo  Parish, 
I4L*  depth  1  040  feet. 

4.' Weil  l/o.'l30of  Southwestern  Oas  &.  Electric  Co.,  S£.  \  NW.  i  see.  34,  T.  18  N.,  R.  14  W.,  near  Shreve- 
portLLa.;  depth,  IjOOO  feet. 

6.  Well  on  L.  B.  Phillips  lease  of  Southwestern  Oas  &  Electric  Co.,  sec.  12,  T.  17  N.,  R.  15  W.,  10  miles 
west  of  Shreveport,  La. ;   depth ,  l  ,000  feet. 

6.  Well  No.  2  on  Mosely  lease  of  Southwestern  Oas  Al  Electric  Co.,  sec.  9,  T.  12  N.,  R.  12  W.,  1  mile 
west  of  Naborton.  La. 

7.  Well  on  Anglin  lease  of  Robhison  OU  &  Oas  Co.,  Mexia-Oroesbeck  field,  Tex.  Collected  by  G.  C 
Matson;  see  U.  S.  Oeol.  Survey  Bull.  629,  p.  102, 1916. 

8.  Well  No.  1  on  Mackey  lease,  near  Corsicana,  Tex.    Odleeted  by  O.  C.  Matson. 

9.  Well  No.  1  of  Caddo  Oil  Pields  Co.,  near  Oil  City,  La.,  depth,  2,260  feet. 

10.  P.  H.  Youree  well  No.  3  of  Gulf  Refining  Co. of  Louisiana,  sec.  33,  T.  17  N.,  R.  14  W.,soutb  of  Shreve- 
port, La.  „ 

11.  Casing-head  gas  from  well  No.  15  on  Marston  Ipase  of  Gulf  Refining  Co.,  sec.  13,  T.  13  N.,  R.  U  W. 
near  Abington,  Red  River  Parish,  La. 

12.  Well  No.  A-1  on  Sample  leaaeof  ProduoersOU  Co.,  De  Soto  Parish,  La.  Collected  by  C.  A.  Dally,  jr- 
of  Reserve  Natural  Gas  Co. 

The  samples  from  the  Nacatoch  sand  are  all  of  dry  gas  and  show  a 
remarkable  uniformity  of  composition,  though  the  true  uniformity 
is  partly  obscured  by  the  presence  of  air,  which  increases  the  oxygen 
and  nitrogen  content  of  some  of  the  samples  and  decreases  the 
methane,  which  is  the  important  combustible  constituent  in  all  the 
gases.  The  air-free  samples  (Nos.  3,  5,  and  7)  which  contain  no  oxy- 
gen, carry  methane  in  remarkably  uniform  amounts.  The  heating 
value  of  the  air-free  samples  is  also  fairly  uniform.  The  sample 
from  the  older  sand  in  the  Corsicana  field  contains  some  air,  and  its 
proportion  of  the  combustible  constituent  methane  and  heating  value 
are  consequently  lower. 

In  general  composition  the  samples  from  the  deep  sands  in  north- 
western Louisiana  are  similar  to  those  from  the  Nacatoch  sand  with 
the  exception  of  Nos.  10  and  11,  which  show  small  amounts  of  ethane. 
The  methane  content  of  the  sample  from  the  deep-oil  sand  in  the 


DE  SOTO-RED  BIVEB  OIL  AND  OAS  FIELD,  LA.  183 

Caddo  field  (No.  9)  is  slightly  higher  than  that  of  the  best  gases  from 
the  Nacatoch  sand.  The  amount  of  methane  in  the  sample  from  the 
deep  gas  sand  (No.  12)  is  about  the  same  as  the  average  amount  in 
the  samples  from  the  Nacatoch  sand.  The  heating  values  of  the 
gases  from  the  deep  sands  are  also  about  the  same  as  those  of  the 
gases  from  the  Nacatoch  sand.  The  sample  that  represents  casing- 
head  gas  (No.  11)  has  a  somewhat  higher  heating  value  than  any  of 
the  other  samples,  but  this  is  to  be  expected  from  the  fact  that  it  con- 
tains considerable  ethane  in  addition  to  the  methane,  for  the  ethane 
has  a  higher  heating  value  than  the  methane. 

The  presence  or  absence  of  ethane  (CsH^)  has  sometimes  been  used 
as  a  means  of  determining  whether  a  sand  contains  oil  in  addition  to 
the  gas,  it  being  assumed  that  if  no  ethane  is  present  in  the  gas  the 
sand  is  likely  to  be  barren  of  oil,  and  that  if  ethane  is  found  in  the 
gas  the  same  sand  is  likely  to  be  oil  producing.  The  unreliability  of 
these  conclusions  is  shown  by  the  analyses,  sample  9,  which  shows  no 
ethane,  having  been  obtained  from  the  principal  oil  sand  in  the 
Caddo  field ;  sample  10,  which  contains  ethane,  having  been  obtained 
from  the  sand  that  has  furnished  no  oil  within  a  radius  of  several 
miles  of  the  gas  well ;  and  samples  1  and  2,  which  contain  no  ethane, 
having  been  obtained  from  a  sand  that  supplies  oil  within  a  short 
distance  from  the  gas  wells. 

At  the  senior  author's  request  Mr.  G.  A.  Burrell,  of  the  Bureau  of 
Mines,  has  furnished  the  following  explanation  of  the  importance 
of  the  test  for  oil  absorption  (see  table) : 

The  absorption  test  is  an  arbitrary  test  that  the  bureau  uses  for  determining 
the  adaptability  of  natural  gas  to  the  making  of  gasoline  by  the  compression 
method.  We  have  found,  for  instance,  that  only  one  plant  working  on  natural 
gas  shows  an  absorption  of  less  than  28  per  cent,  and  this  is  an  exceptional 
case  where  the  quantity  of  gasoline  is  very  low.  The  test  is  simply  conducted 
by  shaking  100  cubic  centimeters  of  gas  with  85  cubic  centimeters  of  mineral 
seal  oil,  claroline  oil,  straw  oil,  rape-seed  oil,  or  some  similar  oil.  Many  of  these 
oils  have  the  same  absorption  capacity.  The  natural  gas  is  shaken  with  the 
oil  until  absorption  is  complete,  and  the  percentage  of  oil  that  goes  into  solution 
is  measured  and  caUed  the  absorption. 

The  gases  of  northwestern  Louisiana  compare  favorably  with  those 
of  California,*  whose  heating  value,  in  British  thermal  units,  is  from 
724  to  934  in  the  McKittrick-Sunset  field,  937  in  the  Coalinga  field, 
1,047  in  the  Kern  River  field,  1,019  in  West  Los  Angeles,  1,042  to  1,044 
in  the  Santa  Maria  field,  1,100  to  1,117  in  Orange  County,  and  1,240 
in  the  Torrey  field,  in  Ventura  County.  Two  analyses  of  Oklahoma 
gases  show  1,025  and  1,271  British  thermal  units,  the  former  being 
somewhat  lower  than  that  of  the  northwestern  Louisiana  gases  and 
the  latter  somewhat  higher.    Most  of  the  gases  obtained  in  Pennsyl- 

^HUl,  B.,  U.  S.  GeoL  Survey  Mineral  Befonrcee,  1918,  pt  2,  pp.  1400-1461,  1914. 
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vania  and  West  Virginia  have  a  higher  calorific  value  than  those  in 
northwestern  Louisiana,  many  of  them  exceeding  1^00  British  ther- 
mal units.  The  northwestern  Louisiana  gas,  however,  shows  a 
much  higher  heating  value  than  the  gases  of  northern  Texas,  which 
range  from  300  to  929  and  average  probably  less  than  775  British 
thermal  units. 

PBODUCTION. 

OIL. 

It  was  not  possible  to  obtain*  data  for  determining  the  average  or 
total  production  of  oil  wells' in  the  De  Soto-Ked  Kiver  field,  but  this 
field  is  made  up  of  many  small  areas  containing  numerous  large 
wells  surrounded  by  barren  areas.  This  condition,  although  it  has 
made  some  leases  unusually  valuable,  has  resulted  in  the  expendi- 
ture of  a  large  amount  of  money  in  drilling  dry  holes.  In  De  Soto 
Parish  much  money  was  spent  before  oil  was  discovered  in  commer- 
cial quantities,  although  almost  every  one  of  the  earlier  wells  gave 
a  showing  of  oil.  From  statistics  compiled  by  Northrop,*  supple- 
mented by  unpublished  data  by  the  same  author,  a  diagram  has  been 
drawn  showing  the  number  of  productive  wells  and  dry  holes  in 
De  Soto  Parish  from  August,  1913,  to  June,  1916.  (See  fig.  19. )  The 
incomplete  statistics  show  that  in  1915  the  number  of  dry  holes  was 
nearly  equal  to  the  number  of  producing  wells  in  that  parish,  but  in 
1913  and  1914  the  number  of  producing  wells  was  considerably 
greater  than  the  number  of  dry  holes,  as  shown  by  the  diagram. 

The  total  production  of  the  De  Soto  and  Eed  Biver  fields  has  prob- 
ably exceeded  12,000,000  barrels,  but  exact  figures  of  production  have 
not  been  obtained  because  the  statistics  for  De  Soto  Parish  in  1913 
were  combined  with  those  for  another  field  to  avoid  disclosing  indi- 
vidual operations.  The  production  for  De  Soto  Parish  in  1914,  in- 
cluding a  small  quantity  from  the  Pelican  district,  amounted  to 
3,834,598  barrels,  and  in  1915  it  amounted  to  1,797,175  barrels.  The 
total  production  from  Red  River  Parish  has  been  somewhat  larger, 
amounting  to  401,622  barrels  in  1914  and  6,802.349  barrels  in  1915. 

The  diagram  (fig.  19)  shows  the  average  initial  daily  production 
of  new  wells  in  De  Soto  Parish  from  August,  1913,  to  June,  1916. 
This  diagram  illustrates  the  great  variation  in  the  initial  production 
and  shows,  in  a  general  Tvay,  the  effect  of  periodic  discoveries  of  new 
areas  where  gushers  were  obtained. 

The  diagram  showing  the  number  of  producing  wells  and  dry 
holes  in  Red  River  Parish  (fig.  20)  indicates  a  much  higher  percent- 
age of  successful  wells  than  in  De  Soto  Parish.  This  is  the  natural 
result  of  the  character  of  the  sand,  which  is  more  uniform  in  dis- 
tribution in  Red  River  Parish  than  in  any  of  the  other  pools  in 

^  Nortbrop,  J.  D.,  U.  8.  Oeol.  Snrvey  Mineral  Beaoarces,  1914,  pt.  2,  pp.  108^-1088, 181S. 
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northwestern  Louisiana,  except  on  the  northwest  side  of  the  Caddo 
field.  The  average  initial  production  of  new  wells  by  months  is 
shown  on  the  same  diagram  from  the  time  of  the  drilling  of  MarstOD 
well  No,  1  to  the  end  of  June,  1916,  and  this  diagram  also  shows  the 
effect  of  opening  new  pools  at  interv&ls.  The  first  well,  Marston 
No.  1,  had  a  much  better  yield  than  the  average  for  any  of  the  fol- 

NUMBER 
HUNDREDS  OF  BARRELS  -  OF  WELLS 


FlOOU  19. — Diagram  ibowlng  number  ol  iiroijucUi 
Initial  dail7  production  uf  dcw  nells  drlllod  In  [le 
to  June,  1910.     From  statlBtlcs  bf  J.  D.  Northrop. 

lowing  months,  though  much  larger  individual  wells  were  drilled 
in  some  of  the  other  pools.  After  the  average  production  of  the 
wells  in  the  Marston  district  began  to*  decline,  the  opening  of  the  dis- 
trict on  the  east  side  of  Red  River  and  the  drilling  of  the  large  wells 
on  the  Weiss  tract  raised  the  average  initial  production  to  new  higli 
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points  in  February  and  March,  1915.    The  decline  from  these  high 
points  was  again  arrested  by  the  drilUng  of  many  good  wells  in  the 


FiccBE  20. — Diagram  RbowlDS  number  ot  prodactlTe  wells  nnd  drr  hoIeH  and  aienn 
Initial  dillr  production  of  dbw  wellt  drilled  In  Red  River  Parlab,  La.,  trom  Ha;,  1914, 
to  Jum.  1810. 
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Gnsher  Bend  district  during  the  later  part  of  the  summer  and  the 
early  part  of  the  autumn  of  1916.  In  1916  the  pools  in  Eed  River 
Parifib  had  all  begun  to  decline  in'  pressure,  and  the  initial  produc- 
tion fell  off  rapidly,  the  decline  being  uninterrupted  to  the  close  of 
June. 

OAS. 

Although  natural  gas  was  discovered  at  Shreveport  more  than  a 
quarter  of  a  century  ago,  its  production  in  Louisiana  on  a  commercial 
scale  dates  from  the  development  of  the  Caddo  oil  field  and  the 
building  of  pipe  lines  to  the  towns  and  cities  of  northwestern  Loui- 
siana and  southwestern  Arkansas.  The  first  of  these  lines,  the  one 
to  Shreveport,  was  completed  in  the  spring  of  1906,  and  the  line  to 
southern  Arkansas,  which  was  completed  to  Texarkana  during  the 
following  year,  was  subsequently  extended  to  other  towns  and  cities 
as  far  north  as  Little  Rock. 

Many  of  the  early  wells  in  the  Caddo  field  had  a  very  large  yield, 
some  of  them  being  reported  as  having  capacities  of  more  than 
50,000,000  cubic  feet  a  day,  and  the  large  number  drilled  during  the 
early  history  of  the  field  led  to  the  formulation  of  plans  for  piping 
the  gas  to  New  Orleans  and  the  discussion  of  a  project  for  piping  it 
as  far  north  as  St.  Louis. 

The  lack  of  an  immediate  market  for  the  gas  produced,  together 
with  the  greater  value  of  the  oil  from  the  same  sands  or  from  deeper 
sands,  caused  a  large  amount  of  gas  to  be  wasted  into  the  air  in 
attempts  to  obtain  oil  from  the  wells.  Gas  was  also  used  for  raising 
oil  from  some  of  the  wells  that  failed  to  flow  by  extending  pipes  into 
the  wells  and  allowing  the  gas  pressure  and  flow  to  be  utilized  in  the 
same  way  that  air  is  sometimes  employed  in  pumping. 

In  addition  to  these  wastes,  much  gas  was  lost  through  wild  wells 
that  became  uncontrollable  wher^  the  gas  escaped  around  the  casing. 
There  were  several  of  these  wells.  The  most  conspicuous  was  the 
one  a  short  distance  south  of  Oil  City,  which  was  finally  closed  in 
1913  through  the  efforts  of  the  Louisiana  Conservation  Commission. 
It  is  impossible  to  say  what  percentage  of  the  gas  from  the  Caddo 
field  was  allowed  to  escape  into  the  air,  but  it  was  unquestionably 
very  large. 

In  the  summer  of  1912  a  well  drilled  at  the  State  Fair  Grounds  at 
Shreveport  obtained  gas  in  commercial  quantities,  and  the  completion 
of  this  well  was  followed  by  the  drilling  of  many  others.  The  drill- 
ing of  the  Fair  Grounds  well  marks  the  beginning  of  the  commercial 
exploitation  of  gas  from  the  Shreveport  anticline,  but  this  anticline 
has  not  justified  the  optimistic  opinions  that  were  held  during  the 
early  stages  of  development.    Most  of  the  wells  drilled  on  it  had  daily 

^9812^— Bull.  ^1—18 10 
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yields  of  only  4,000,000  to  5,000,000  cubic  feet— much  smaller  than 
those  of  the  earlier  wells  in  the  Caddo  field.  The  maximum  jrield  of 
even  the  best  wells  fell  far  below  that  of  some  of  the  early  Caddo  wells. 

About  the  time  that  development  began  in  Shreveport  the  rock  pres- 
sures had  fallen  so  low  in  the  Caddo  field  that  the  early  depletion  of 
the  supply  was  evident  and  plans  were  made  for  installing  com- 
pressors in  order  to  obtain  enough  gas  to  supply  the  wants  of  the 
consumers. 

The  early  production  from  De  Soto  Parish  was  obtained  from  the 
same  sand  (Nacatoch  sand)  that  supplied  large  quantities  of  gas  in 
the  Caddo  field  and  at  Shreveport,  but  the  De  Soto  wells  were  more 
nearly  comparable  in  yield  to  those  of  the  Shreveport  anticline  than 
to  those  of  the  Caddo  field.  The  gas  from  this  field  was  first  utilized 
by  the  Mansfield  Gas  Co.  It  became  evident  during  the  early  stages 
of  development  that  the  Nacatoch  sand  would  not  supply  enough  gas 
to  warrant  piping  to  great  distances  from  the  field. 

A  new  source  of  supply  was  discovered  in  De  Soto  Parish  in  the  first 
well  drilled  by  the  Producers  Oil  Co.  on  its  Sample  A  lease.  This 
well,  which  was  drilled  for  oil,  encountered  gas  in  a  deep  sand  under 
a  pressure  so  enormous  that  it  could  not  be  controlled,  and  the  well 
was  allowed  to  flow  into  the  air  for  several  months  before  it  was 
connected  with  the  pipe  line.  Subsequent  drilling  resulted  in  the 
completion  of  a  number  of  other  deep  gas  wells  in  De  Soto  Parish, 
and  this  led  to  the  construction  of  the  16-inch  pipe  line  from  this 
field  to  Oil  City,  in  the  Caddo  field.  This  pipe  line,  built  by  the 
Reserve  Natural  Gas  Co.,  was  completed  during  the  autumn  of  1914. 
Plans  have  recently  been  discussed  for  a  pipe  line  to  Houston,  Tex., 
to  utilize  a  portion  of  the  gas  from  the  deep  sand. 

The  details  of  production  of  gas  in  northwestern  Louisiana  from 
1909  to  1915,  inclusive,  are  shown  in  the  following  table: 

Record  of  natural-gaa  industry  in  Louisiana,  1909-1915, 
[From  V.  B.  Qeol.  Survey  Mineral  Resooroes,  1915.] 


Year. 


1900.. 
1910.. 
1911.. 
1913. . 
1913.. 
1914., 
1915.. 


Nom- 

berof 

pro- 

daoers. 


11 
21 
27 
41 
67 
54 
57 


Number  of  ccm- 
sumers. 


Domestic. 


4,034 
fl,547 
M7,964 
6  24,087 
6  26,424 
6  29,751 
.6a0,144 


Indus- 
trial. 


104 
320 
442 

474 
550 
G18 
597 


Total  value 
of  eas  pro- 
duced. 


a  509, 408 

o  858, 145 

a  1,747,379 

a  2, 119, 948 

0  2,227,999 

2,1^,984 


Wells. 


Diffled. 


Oas. 


96 
23 
86 
50 
53 
52 
85 


Dry. 


10 
4 
18 
30 
34 
26 
10 


ProddO' 

tive 
Dee.  81. 


70 
91 
116 
155 
191 
238 
253 


a  Includes  the  production  of  Alabama. 

6  Includes  consumers  supplied  with  gas  piped  from  Louisiana  to  Arkansas  and  Texas. 
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AREAS  OUTSIDE  OF  THE  DE  SOTO-RED  RIVER  FIELD. 

The  only  folds  near  the  De  Soto-Red  River  field  that  have  proved 
productive  are  in  sec.  16,  T.  13  N.,  R.  10  W.,  where  a  few  wells  have 
been  drilled  on  and  near  a  tract  of  land  belonging  to  the  Olobe  Lum- 
ber Co.  and  a  few  miles  southwest  of  Pelican,  near  the  northern  bound- 
ary of  Sabine  Parish,  where  several  small  wells  have  been  obtained. 
Neither  of  these  pools  has  had  a  large  production  of  oil,  and  the  possi- 
bilities of  future  development  do  not  warrant  the  prediction  that  they 
will  ever  become  sources  of  production  comparable  with  the  best  pools 
in  the  De  Soto-Red  River  field. 

In  addition  to  these  oil  pools,  gas  has  been  obtained  from  the  deep 
sand  as  far  west  as  Spider  and  at  various  points  between  the  Shreve- 
port  gas  field  and  the  northern  boundary  of  the  De  Soto-Red  River 
field,  as  well  as  south  of  the  Gusher  Bend  fault.  It  is  not  at  present 
possible  to  make  a  satisfactory  prediction  as  to  where  the  most  favor- 
able structure  may  be  found,  because  a  large  part  of  this  area  has  not 
been  studied. 

GLOBE  LT7KBEB  CO. 

A  few  successful  wells  have  been  drilled  in  sec.  16,  T.  18  N.,  R.  10  W., 
on  and  adjoining  a  tract  of  land  belonging  to  the  Olobe  Lumber  Co. 
The  production  of  most  of  the  wells  was  comparatively  small,  rang- 
ing from  10  barrels  to  a  few  hundred  barrels. 

The  structure  of  this  pool  has  not  been  contoured  in  detail  because 
of  lack  of  information,  but  it  appears  to  lie  on  the  north  side  of  the 
Gusher  Bend  fault  and  above  the  750-foot  contour  on  the  top  of  the 
Nacatoch  sand.  The  quality  of  the  oil  obtained  from  one  of  the 
Globe  Oil  &  Oas  Co.'s  wells  is  shown  in  the  table  of  analyses  on 
page  129.  There  appears  to  be  no  reason  for  expecting  a  great  exten- 
sion of  the  area  of  production  in  this  particular  pool,  because  it  is 
doubtless  located  on  a  small  fold  formed  at  about  the  same  time  as  the 
Gusher  Bend  fault.  There  is,  however,  a  possible  extension  of  this 
fault  farther  to  the  northesst. 

MANSFIELD. 

In  a  press  notice  issued  by  the  Survey  in  October,  1915,  attention 
was  called  to  some  of  the  structural  features  in  the  vicinity  of  Mans- 
field, where  it  was  recognized  that -the  folds  were  lower  and  the  sands 
deeper  than  in  the  De  Soto-Red  River  field.  In  suggesting  that  these 
folds  be  tested  by  drilling,  it  was  hoped  that  the  conditions  there 
might  be  comparable  with  those  on  the  west  side  of  the  Caddo  field, 
where  the  producing  sand  extends  far  below  the  level  of  the  sand  at 
the  south  end  of  the  field.  The  well  that  was  drilled  on  the  anticline 
at  Mansfield  encountered  the  Nacatoch  sand  within  less  than  10  feet 
of  the  depth  predicted  in  the  press  notice,  but  apparently  the  sand  was 
barren  of  oil  and  gas.   Further  drilling  on  this  anticline  does  not  seem 
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warranted  unless  the  locations  are  made  farther  northeast,  where  the 
sand  is  higher. 

FEUCAir  DISTBICT. 

About  16  wells  have  been  drilled  in  the  southern  part  of  De  Soto 
Parish  and  the  northern  part  of  Sabine  Parish,  opening  a  small 
oil  pool  in  the  vicinity  of  Pelican.  The  productive  wells  are  scat- 
tered over  an  area  extending  from  a  point  2  miles  northwest  of 
Pelican  southward  for  a  distance  of  7  miles,  in  Tps.  10  and  11  N., 
R.  12  W.  About  half  of  the  wells  drilled  have  been  productive, 
but  they  have  yielded  only  a  small  amount  of  oil. 

The  stratigraphic  section  in  this  district  is  in  every  way  similar 
to  that  in  the  De  Soto-Bed  Kiver  field,  although  the  section  shows 
a  smaller  amount  of  sand.  The  Nacatoch  sand  is  reached  at  a 
depth  below  sea  level  ranging  from  900  feet  in  the  northern  part 
of  the  district  to  about  1,350  feet  in  the  southern  part.  In  this 
area  it  consists  largely  of  hard  sandy  shale  and  sandstone  with  only 
a  relatively  small  amount  of  loose  sand.    It  has  been  productive 

n 
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if  1.200 
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FioCRB  21. — Generalized  profile  showing  slope  of  the  top  of  the  chalk  and  Its  depth  below 

sea  level  from  Mansfield  to  Pelican,  La. 

in  this  area  only  in  the  Davis  &  Atkins  well  No.  1  of  the  Standard 
Oil  Co.,  which  produced  heavy  oil  in  small  quantities  for  a  few 
weeks.    In  none  of  the  wells  has  it  yielded  a  commercial  flow  of  gas. 

The  productive  oil  sand  in  this  field  is  the  equivalent  of  the  oil 
sand  in  the  De  Soto-Bed  River  field,  and  here  as  there  it  occurs 
below  a  bed  of  limestone  100  feet  or  more  thick.  This  sand  occurs 
at  a  depth  ranging  from  2,800  feet  in  the  northern  part  of  the  district 
to  3,200  feet  in  the  southern  part  and  yields  from  a  few  barrels  up 
to  30  or  40  barrels  a  day.  Joiner  well  No.  1  of  the  Producers  Oil  Co. 
was  the  best  well  that  has  been  drilled  in  the  field,  and  it  made 
about  25  barrels  a  day  six  months  after  it  was  drilled.  Logan  well 
No.  2  of  the  Producers  Oil  Co.  is  the  only  gas  well  in  the  field,  and 
the  gas,  which  is  accompanied  by  a  large  volume  of  salt  water,  is 
used  in  pumping  the  neighboring  oil  wells. 

No  study  has  been  made  of  the  surface  exposures  to  determine  the 
structure  of  the  field.  The  wells  are  too  far  apart  to  admit  of  a  de- 
termination of  the  details  of  structure  from  the  well  logs,  which 
show  a  fairly  uniform  dip  to  the  south  of  50  to  60  feet  to  the  mile. 
(See  fig.  21.)  From  the  information  available,  the  structure  is  not 
considered  favorable  for  the  concentration  of  oil  in  large  quantities. 


THE  IRVINE  OIL  FIELD,  ESTILL  COUNTY,  KENTUCKY. 


By  Eugene  Wesley  Shaw. 


INTRODUCTION. 
HIST0B7. 

Oil  and  gas  were  discovered  about  65  years  ago  in  borings  made 
for  coal  8  to  6  miles  northwest  of  Estill  Furnace,  10  miles  northeast 
of  Irvine,  Ky.    Concerning  these  wells  Lesley*  says: 

In  this  valley  [Hardwick's]  coal  has  been  bored  for — the  Devonian  black 
slates  having  been  mistaken  for  those  belonging  In  the  coal  measures.  In 
one  of  the  borings  the  upper  portion  of  the  auger  was  blown  out  into  the  air 
by  gas. 

Another  well  was  drilled  by  Samuel  T.  Vaughn,  and  Lesley  ^  re- 
ports that  ^^  the  auger  dropped  into  a  cavity,  and  when  withdrawn 
salt  water  was  blown  out  for  a  short  time,  which  soon  gave  place  to 
the  present  flow  of  rock  oil.'' 

Oil  was  known  to  be  present  at  Irvine  at  least  as  long  ago  as 
1878,  for  Davie,*  speaking  of  this  locality,  says :  "  Several  borings 
have  been  made  for  salt  water  which  have  at  various  depths  struck 
both  salt  water  and  petroleum  or  coal  oil  of  good  quality." 

For  many  years  oil  with  some  gas  was  obtained  from  a  small 
field  known  as  the  Irvine  or  Ravenna  field,  which  lies  from  1  to  3 
miles  south^southeast  of  Irvine,  in  and  around  Ravenna,  and  was 
found  to  extend  southward  across  Kentucky  River  into  the  valley 
of  Little  Doe  Creek  and  northward  into  the  hills  north  of  Ravenna. 
The  production  and  promise  of  the  field  became  sufficiently  great 
to  justify  the  laying  of  a  pipe  line,  but  the  rate  of  production 

^Lesley,  Joseph,  Topographical  and  geological  report  of  the  coantry  aloD^  the  oatcrop 
tele  line  following  the  western  margin  of  the  eastern  coal  field  of  the  State  of  Kentucky 
from  a  nxrwey  made  during  the  years  1858-59:  Kentucky  Geol.  Surrey  Fourth  Bept., 
p.  472,  1861. 

'Davie,  W.  J.,  Kentucky,  its  resources  and  present  condition:  Kentucky  Bur.  .Agr., 
Hort,  and  Stat  First  Ann.  Bept,  p.  340,  1878. 
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gradually  decreased,  and  a  good  many  unsuccessful  tests  were  made 
about  the  margin  of  the  pool.  Finally  the  pipe  line  was  taken  out, 
and  the  wells  were  abandoned,  though  some  of  them  were  still 
capable  of  producing  a  little  oil. 

Early  in  1915  oil  was  discovered  on  Tick  Fork,  5  miles  northeast 
of  Irvine,  in  a  test  well  sunk  on  land  held  by  Mapel  &  Co.  This 
discovery  led  to  renewed  activity,  although  money  was  spent  with 
some  caution  on  account  of  the  notion  that  the  pool  was  likely  to 
be  small  and  short  lived.  This  notion  was  based  on  the  feeling  that 
a  rather  large  proportion  of  the  test  wells  in  Kentucky  were  unsuc- 
cessful, or  at  most  light  and  short-lived  producers.  As  a  matter 
of  fact  the  proportion  of  unsuccessful  wildcat  wells  does  not  seem 
to  be  much  higher  than  in  other  States,  but  a  good  many  pros- 
pectors seem  to  have  drilled  first  a  well  of  light  capacity  and  then 
several  dry  wells,  whereupon  they  have  quit  the  State  in  disgust. 
The  experience  of  oil  men  in  the  Irvine  field  seems  to  have  redeemed 
the  State's  reputation,  which  may  have  declined  because  expecta- 
tions were  too  high.  One  company  is  said  to  have  obtained  118 
successful  wells  out  of  123  drilled.  Although  Kentucky  may  never 
be  so  productive  of  oil  as  Pennsylvania,  yet  it  doubtless  contains 
many  undiscovered  pools,  and  some  of  them  will,  like  the  Irvine 
pool,  yield  their  oil  at  little  cost,  for  they  lie  not  far  below  the 
surface.  On  the  other  hand,  there  is  danger  that  expectations  will 
be  raised  too  high  and  that  money  wiU  be  spent  foolishly.  On 
account  of  the  fact  that  compared  with  the  pools  in  West  Vir^nia 
and  Pennsylvania  the  Kentucky  pools  may  be  small  and  far  apart, 
a  wildcat  well  should  be  located  only  after  a  careful  attempt  to 
determine  the  most  promising  spot. 

The  field  grew  very  slowly  in  1915,  particularly  in  the  spring  and 
summer.  Under  date  of  December  25,  1915,  a  correspondent  of  the 
Oil  and  Gas  Journal  ^  states  that  there  are  50  producing  wells  and 
adds: 

These  weUs  are  capable  of  producing  from  5  to  200  barrels  per  day.  This 
statement  would  seem  out  of  reason  in  view  of  the  little  that  has  been  said 
about  the  field,  were  the  facts  not  verified  by  actual  gages.  Some  of  the  wells 
have  been  standing  many  months,  as  it  has  been  but  recently  that  any  pro- 
visions have  been  made  for  taking  care  of  the  production.  The  field  would 
have  been  much  further  advanced  than  it  is  at  present,  were  it  not  for  the  fact 
that,  as  usual,  everybody  was  skeptical,  and  the  pipe  line  refused  to  make  any 
preparations  for  handling  the  product.  Consequently,  those  who  had  faith  in 
the  merits  of  the  field  had  to  go  on  investing  their  money  without  receiving  any 
returns  untU  recently.  The  Cumberland  Pipe  Line  Co.  laid  a  line  into  the  field 
from  the  railroad  at  Irvine  and  installed  a  loading  rack,  together  with  storage 
tanks,  and  the  first  oil  was  run  through  its  lines  last  week.    •     ♦    • 

^  Irvine  field  becomes  interesting :  OU  and  Oaa  Jour.,  voL  14,  No.  80,  pp.  20-24.  1B15. 
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There  has  not  been  a  single  failure  scored  within  defined  limits,  although 
during  the  two  years  that  operations  have  been  going  on  about  a  dozen  dry 
holes  have  been  drilled  in  territory  surrounding  the  present  field.  These  were 
mostly  drilled  during  the  early  stages  of  developments  and  have  served  as  a 
guidepost  along  the  highway  for  the  fellows  who  came  after  and  were  valuable 
In  helping  to  establish  the  present  defined  limits  of  the  field.  Another  unusual 
feature  of  the  development  in  this  field  has  been  the  lack  of  publicity  received 
from  the  press  of  the  country.  Since  the  beginning  of  developments,  more  than 
two  years  ago,  scarcely  any  mention  of  the  field  has  been  made.    •    •    • 

The  pay  is  found  in  the  top  of  the  sand,  although  most  of  the  wells  are  gen- 
erally drilled  15  to  17  feet  Into  the  formation.  The  wells  produce  but  little 
gas,  but  if  drilled  too  deep  there  is  danger  of  striking  salt  water.  The  oil  itself 
Is  of  83*^  gravity  and  has  a  paraffin  base.  It  is  rather  low  in  gasoline  and  other 
TOlatile  substances,  but  otherwise  it  is  a  very  fair  grade  of  oil.    •    •    • 

This,  however,  is  not  the  first  experience  Irvine  has  had  in  the  oil  business. 
About  10  or  12  years  ago  local  parties,  operating  under  the  name  of  the  Estill 
Oounty  Oil  &  Gas  Co.,  opened  a  shallow  x>ool  just  northeast  of  town  and  lying 
between  Irvine  and  the  present  field.  At  one  time  they  were  operating  63  wells 
and  sold  several  thousand  barrels  of  oil  to  the  Cumberland  Pipe  Line  Co.  The 
property  changed  hands  two  or  three  times  and,  after  being  in  operation  for 
some  five  or  six  years,  eventually  fell  into  the  hands  of  Junk  dealers  at 
Marietta,  Ohio,  who  pulled  the  wells  out  and  abandoned  them. 

The  field  grew  much  more  rapidly  in  1916,  especially  after  about 
the  middle  of  the  year,  when  the  pipe  line  to  Campton  was  completed. 

In  the  Irvine  field  nearly  a  thousand  wells  have  now  been  drilled, 
and  on  the  whole  the  decline  of  each  has  been  comparatively  slow. 
A  well  a  third  of  a  mile  south  of  the  discovery  well,  known  as 
Hillis  &  Co.  No.  1,  Dan  Rawlins,,  has  now  been  pumped  over  two 
years,  and  its  capacity  is  said  to  be  nearly  as  great  as  at  first. 

In  November,  1916,  the  field  was  producing  about  5,000  barrels  a 
day,  from  about  550  wells,  or  considerably  more  oil  per  day  than 
all  the  rest  of  the  State,  which  probably  yielded  less  than  500,000 
barrels  in  1916.  The  Oil  Trade  Journal  ^  makes  the  following  state- 
ment concerning  the  field  on  February  20, 1917 :  "  On  a  close  estimate 
if  all  the  wells  could  be  pumped  to  their  full  capacity  the  production 
would  be  30,000  barrels  daily." 

If  this  statement  is  correct  and  the  capacity  were  to  remain  the 
same  for  a  year,  the  field  could  produce  in  that  time  10,950,000  bar- 
rels, or  more  than  all  the  remainder  of  Kentucky  has  produced  in 
the  entire  half  century  during  which  the  oil  industry  ha,s  existed  in 
that  State.  The  field  is  still  being  vigorously  developed,  and  its 
capacity  for  oil  production  is  increasing.  The  quantity  actually 
marketed  in  1917  will  probably  be  about  1,600,000  barrels. 

In  this  report  the  continuous  area  underlain  by  oil  and  gas  to  the 
northeast  of  Irvine  will  be  called  the  Irvine  field,  and  that  to  the 

southeast  the  Ravenna  field.    Oil  and  gas  have  also  been  found  to 

■  ■    '  I     .. —  f  ■■ —  ■  ■  I     .   ■    ■        ■  I.  I 

»  Development  Is  actlTe  In  Kentucky :  OU  Trade  Jour.,  voL  8,  No.  8,  p.  107,  1917. 
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the  southwest,  in  the  vicinity  of  Station  Camp,  and  this  area  will  be 
spoken  of  as  the  Station  Camp  field.  The  bodies  of  oil  and  gas  under 
these  areas  are  called,  respectively,  the  Irvine  pool,  the  Bavenna  pool, 
and  the  Station  Camp  pool.  The  report  is,  however,  intended  as  a 
description  of  the  Irvine  field  and  pool,  and  the  others  will  be  re- 
ferred to  only  incidentally.  As  oil  is  the  main  product  of  the  field, 
it  will  be  called  the  Irvine  oil  field.  Other  fields  in  the  same  region 
are  shown  on  Plate  XI. 

OEKEBAI<  EEATTTBES  OF  THE  BAVENKA  OH.  YIELD. 

The  Bavenna  or,  as  Hoeing  called  it,  the  Irvine  oil  field,  is  de- 
scribed by  him  ^  as  follows : 

Estill  County  field, — In  the  field  near  Irvine  the  majority  of  the  wells  start 
below  the  Waverly  in  the  black  shale  Itself  and  strike  the  oil  rock  at  depths  of 
from  70  to  90  feet  The  white  shale  (white  fire  clay  of  (he  drillers)  shows  in 
places  near  the  base  of  the  black  shale  and  above  the  oil  rock,  as  at  Ragland, 
and  in  other  parts  of  the  field  is  cut  out  The  oil  rock  is  the  Corniferous  and 
shows  in  outcrop  about  a  mile  west  of  the  oil  field,  along  the  railroad  and  in 
the  town  of  Irvine,  underlain  by  the  Niagara  shales  in  considerable  thickness, 
probably  75  to  85  feet  of  the  latter  showing  In  a  drain  between  the  railroad 
depot  and  Irvine.  In  the  wells  a  white  limestone  carrying  fresh  water  Is  re- 
ported directly  under  the  oil  rock.  An  examination  of  the  outcrop  proved  this 
to  be  the  bottom  ledge  of  the  Corniferous.  (As  explained  on  a  preceding  page, 
by  CDorniferous  here  is  meant  the  whole  limestone  formation  from  the  top  of 
the  Niagara  shale  to  the  base  of  the  black  shale.  The  lower  two  or  three  ledges 
may  belong  to  the  "  water  lime  "  of  Ohio  and  the  Niagara  limestone,  below  the 
Corniferous  proper.) 

This  BstiU  County  field  illustrates  very  nicely  the  anticlinal  theory  of  the 
storage  of  oil  in  the  rocks.  Just  at  the  edge  of  Irvine  on  the  east  is  the  top  of 
what  was  an  anticlinal  fold  but  one  which  broke  at  the  top.  Between  the  rail- 
road bridge  over  the  river  and  the  crossing  at  Main  Street  the  Corniferous  Is 
exposed  in  tlie  railroad  cuts  with  the  black  shale  over  it  and  the  Niagara  shale 
imder  it  Near  the  bridge  a  fault  brings  the  black  shale  down  close  to  the 
river ;  between  the  bridge  and  town  several  small  faults  show,  but  the  rocks  are 
nearly  horizontal ;  at  the  Main  Street  crossing  the  Corniferous  shows  in  a  cat 
on  the  west  side  and  a  fault  or  uplift  shows  very  plainly  at  the  same  place. 
This  fault  brings  the  top  of  the  Niagara  shale  on  the  east  side  of  Main  Street 
above  tlie  level  of  the  top  of  the  Corniferous  on  the  west  side  of  the  street 
From  this  point  the  rocks  seem  to  rise  very  slightly  to  the  east  for  a  short 
distance,  then  bend  and  fall  rapidly  to  the  east  (the  Corniferous  being  below 
the  river  at  the  oil  field)  and  form  a  long  monocline  with  its  axis  Just  east  of 
Irvine  and  the  oil  field  still  farther  east  and  down  the  slope.  Wells  drilled  on 
this  monocline  show,  near  the  axis,  dry  holes ;  farther  down  the  dip,  oil ;  still 
farther  down,  oil  underlain  by  fresh  water;  and  still  farther  down  the  slope, 
salt  water  alone.  The  fresh  water  lias  evidently  come  in  from  the  river, 
and  the  contents  of  the  rocks  have  arranged  themselves  in  order  of  their  spe> 
ciflc  gravity,  the  salt  water  below  and  the  oil  above,  the  latter  rising  up  the 

>  Hoeing.  J.  B.,  Oil  and  gtm  tandi  of  Kentncky:  Kentucky  Oeol.  Snrvey  BnlL  1,  p^ 
6S-^,  1005. 
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dip  only  far  enough  to  keep  ahead  of  the  water,  and  wells  above  that  point 
giving  no  oil. 

In  1912  M.  J.  Munn  made  a  brief  examination  of  the  Bavenna 
field,  and  his  mipublished  notes  contain  the  following  description, 
which  is  of  special  value  because  the  field  is  now  abandoned,  and 
any  information  other  than  scattered  and  more  or  less  unrelated 
facts  concerning  it  is  difficult  to  obtain : 

The  Ravenna  field  is  on  the  western  border  of  the  eastern  Kentncky  coal  field. 
The  outcropping  rocks  extend  from  the  Pennsylvanian  series,  which  cap  some  of 
the  higher  hills  and  ridges,  to  rocks  of  Ordovidan  age  exposed  along  Ken- 
ixLcky  River  and  some  of  the  principal  tributaries.  In  the  northern  part  of 
Estill  Ck>unty  the  general  dip  of  the  rocks  to  the  east  appears  to  be  modified 
by  a  broad,  low  syncline  whose  axis  trends  almost  due  east.  No  geologic  work 
was  done  to  •determine  the  exact  form  of  this  syncUne,  but  its  presence  is 
clearly  shovm  by  the  d^th  to  the  top  of  the  '*  Gorniferous  "  limestone,  which  is 
the  oil  and  gas  bearing  bed  in  the  Ravenna  field,  as  well  as  in  the  gas  field  of 
Menifee  County  and  the  Ragland  oil  pool  to  the  north. 

Gooslderable  drilling  has  been  done  in  EstiU  Ck>unty  in  search  for  oil  and  gas 
bnt  has  resulted  in  the  development  of  only  a  single  small  t)ool  in  the  "  Ck>rnifer- 
ous"  limestone  and  the  finding  of  small  quantities  of  gas  in  several  wildcat 
wells  at  horizons  below  the  "  Gorniferous." 

The  Ravenna  field  is  from  1  to  8  miles  southeast  of  Irvine,  in  the  valley  of 
Kentucky  River  and  on  adjacent  hillsides.  In  this  pool  the  "  Ck)rniferous " 
limestone  Is  reached  at  a  depth  of  70  to  90  feet,  the  wells  starting  in  the  Chat- 
tanooga shale  in  the  valleys.  The  first  well  was  drilled  in  this  field  in  1901, 
and  the  pool  was  rapidly  developed  after  that  time.  In'  1910  it  consisted  of 
about  SO  wells,  none  of  which  was  producing  more  than  a  few  barrels  a  day. 
In  December,  1911,  the  pool  was  exhausted  and  completely  abandoned.  In  this 
pool  the  '*  Gorniferous "  Umestone,  in  which  oil  was  found,  averages  about  20 
feet  in  thickness,  and  the  oil  comes  from  a  pay  streak  near  the  top.  The  pay 
streak  is  underlain  by  a  light-colored  limestone  In  which  fresh  or  salt  water  is 
visually  found.  The  "Gorniferous"  limestone  is  exposed  at  the  top  of  the 
river  bank  in  the  town  of  Irvine,  where  certain  portions  show  considerable 
traces  of  oiL  This  section  of  the  "  Comiferous  "  has  been  studied  by  a  number 
of  geologists,  among  them  Kindle,^  who  has  pointed  out  that  there  Is  an  uncon- 
formity here  between  this  limestone  and  t)ie  Chattanooga  shale  above.  Kindle 
has  shown  in  his  paper  that  the  Chattanooga  shale  at  many  places  appears  to 
He  conformably  upon  the  "  Gorniferous,"  but  at  many  other  places  the  lime- 
stone appears  to  have  been  considerably  eroded  before  the  deposition  of  the 
Chattanooga  shale. 

FIELD  WOBK. 

The  investigation  on  which  this  report  is  based  was  of  a  recon- 
naissance nature,  being  part  of  a  broader  study  of  the  oil  and  gas 
of  the  southern  half  of  the  Appalachian  region,  on  which  a  general 
report  is  planned.  Ten  days— October  27  to  November  5,  1916,  in- 
clusive—was spent  in  the  field  proper,  and  about  five  days  additional 
in  surrounding  territory. 

^  Eixkdle,  B.  H..  The  onconf onnlty  at  the  base  of  the  Chattanooga  shale  in  Kentucky : 
'^.  Jour.  Scl.,  4th  aer.,  yol.  33,  pp.  120-136,  1912. 
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One  of  the  principal  objects  of  the  field  work  was  jto  determine 
the  structure  or  lay  of  the  oil-bearing  stratum,  for  such  studies  throw 
much  light  on  the  causes  of  accumulation  of  oil  pools  and  lead  to  a 
reduction  in  the  percentage  of  unsuccessful  tests  through  making 
it  possible  to  point  out  promising  and  unpromising  places  to  drill. 

The  structure  of  the  Irvine  oil  sand  could  have  been  determined 
by  running  a  spirit-level  line  to  each  of  the  hundreds  of  wells  which 
furnish  data  concerning  depth  to  the  sand  or  by  running  level  lines 
along  the  outcrops  of  single  beds  of  rock  that  lie  more  or  less  closely 
parallel  to  the  oil  sand,  or  by  taking  observations  of  dip  and  strike 
at  many  places  throughout  the  field.  The  first  two  methods  would 
have  required  more  time  and  funds  than  were  available.  The  third 
does  not  yield  precise  results,  for  exact  altitudes  are  uot  obtained 
and  the  strata  are  so  nearly  horizontal  that  it  is  not  possible  to  ob- 
serve strikes  and  dips  with  precision.  However,  the  outcrops  of 
some  of  the  harder  beds  are  conspicuous,  and  when  the  field  work  was 
done  many  of  the  forest  leaves  had  fallen,  and  from  numerous  points 
it  was  possible  to  see  a  single  bed  for  a  quarter  of  a  mile  or  more. 
The  coimtry  being  rugged,  these  outcrops  curve  in  and  out  among 
the  mountains,  and  by  using  a  hand  transit  it  is  possible  to  determine 
approximately  how  the  beds  slope  from  place  to  place.  The  best  key 
rock  for  this  purpose  is  the  Maxville(?)  limestone,  known  to  drill- 
ers as  the  big  lime  or  "  Mississippi  lime."  Another  good  bed  is  the 
"Comiferous"  limestone,  the  oil  sand  itself,  which  crops  out  not 
far  from  the  northwestern  margin  of  the  field.    (See  PL  XIII,  p.  106.) 

Thus  tiie  field  work  consisted  largely  in  making  a  rough  survey  of 
the  outcropping  beds  and  in  obtaining  from  the  oil  operators  data 
concerning  the  wells  and  their  output.  It  included  the  determination 
of  the  general  lay  of  the  rocks  in  an  area  surrounding  the  field—a 
determination  which  would  have  been  impossible  from  well  data  and 
spirit-level  lines  alone,  for,  although  a  considerable  number  of  dry 
holes  have  been  drilled  outside  of  the  field,  they  are  scarcely  suffi- 
cient to  throw  much  light  on  the  structure,  especially  as  data  con- 
cerning many  of  them  can  not  be  obtained.  When  an  oil  prospector 
makes  an  unsuccessful  test  he  seems  inclined  to  forget  all  about  it 
as  soon  as  possible;  but  data  concerning  such  tests  are  of  great 
value  to  both  the  geologist  and  the  prospector. 

From  a  reconnaissance  topographic  map  of  the  region,  made  by 
the  United  States  Geological  Survey  26  years  ago,  and  data  con- 
cerning the  altitude  of  the  railway  tracks  it  was  possible  to  deter- 
mine approximate  altitudes  throughout  the  field. 

The  main  basis  of  the  structure  map  (PI.  XIV,  in  pocket)  is  » 
series  of  dip  observations  made  at  points  along  the  cliff  of  Maxville(  I) 
limestone.    The  observations  at  each  point  consisted  in  sighting  with 
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the  hand  transit  to  all  other  cliffs  of  this  limestone  in  sight  and 
determining  the  apparent  directions  of  dip.  The  amount  of  dip,  if 
any,  was  estimated,  and  the  result  was  plotted  on  that  portion  of 
the  map  representing  the  particular  area  covered  by  the  observation. 
A  large  number  of  such  observations  bring  to  light  the  general 
form  of  the  structure  and  thus  fill  the  most  essential  purpose  of  a 
structure  map  in  oil  prospecting,  but  they  do  not  yield  data  as  to 
the  exact  altitude  of  any  bed  at  any  point. 
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GEOGRAPHY   OF  THE   REGION. 

The  Ir^dne  oil  field,  like  the  Menifee,  Campton,  and  Ragland  fields, 
lies  in  the  mountainous  country  that  borders  the  eastern  edge  of  the 
blue-grass  region  of  Kentucky.  (See  PI.  XI.)  Kentucky  River, 
which  flows  northwest  past  Beattyville  and  Irvine,  and  Lick- 
ing River,  which  flows  northwest  through  the  Ragland  field,  are  the 
main  drainage  lines  of  the  region.  Red  River,  a  large  tributary  of 
the  Kentucky,  flows  west  between  the  Irvine  and  Menifee  fields. 
The  valleys  of  Kentucky  River  below  Irvine,  of  Red  River  below 
Stanton,  and  of  Licking  River  below  Ragland  are  2  or  3  miles  wide, 
but  upstream  from  these  places  the  valleys  are  gorgelike  and  400  to 
COO  feet  deep. 
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1013. 

*  Gardner,  J.  H.,  A  stratlgraphlc  disturbance  through  the  Ohio  Valley,  running  from  the 
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GEOGRAPHY  OF  THE  IBVLNB  FIIIIiD. 

LOCATION  AND  ABEA. 

The  limits  of  the  Irvine  field  as  now  developed  may  be  described 
as  extending  from  a  point  1^  miles  northeast  of  the  Irvine  station, 
in  a  north-northeasterly  direction  5  miles  to  Union  Hall;  thence  east 
5  miles  to  a  point  beyond  Estill  Furnace;  thence  curving  sharply 
southward  and  south  westward  around  to  Fitchburg,  a  distance  of 
about  3  miles;  thence  west-southwest  6  miles  down  the  north  side 
of  Cow  Creek  valley  and  northwest  a  mile  or  so  to  the  starting  point. 
The  length  of  the  field  is  about  9  miles  and  its  maximum  width  2 
miles.  The  farms  now  producing  oil  have  an  aggregate  area  of 
about  15  square  miles,  exclusive  of  scattered  outside  farms  under 
which  has  been  found  oil  that  is  not  known  to  be  connected  with 
the  Irvine  pool.  The  field  proper  is  now  being  developed  most 
rapidly  to  the  east. 

DRAINAGE. 

Most  of  the  surface  drainage  of  the  Irvine  oil  field  takes  a  south- 
westward  course  into  Kentucky  River  by  way  of  Cow  Creek  and  its 
tributaries,  Campbell  Fork,  Cottage  Fork,  and  Rockhouse  Fork.  A 
small  stream  known  as  Sweet  Lick  Branch  flows  along  part  of  the 
northwest  border  of  the  field,  and  a  larger  stream,  Whiteo^k  Creek, 
which  is  about  6  miles  long,  has  a  parallel  course  a  mile  to  the  north- 
west. In  a  few  places  the  northern  limit  of  the  field  has  been  pushed 
across  the  divide  and  into  the  drainage  basin  of  Red  River. 

BELIEF. 

The  altitude  of  the  surface  in  and  near  the  Irvine  field  ranges  from 
about  600  feet  in  the  channel  of  the  river  at  Irvine,  or  633  feet  at 
the  railway  station,  to  nearly  1,500  feet  at  several  places  along  the 
divide  that  runs  close  to  the  northwestern  and  northern  boundary 
of  the  field,  and  a  little  more  than  1,500  feet  at  High  Rock,  3  miles 
to  the  northeast.  This  divide,  like  many  others  in  the  region,  has  a 
rather  even  crest,  though  in  places  it  is  as  low  as  1,250  feet  above  the 
sea.  The  ridges  are  strikingly  uniform  in  height,  without  regard 
to  the  underlying  formation,  and  from  this  it  is  evident  that  the  re- 
gion was  once  a  plain  and  that  the  mountains  have  been  made  by  the 
uplift  of  the  region  and  the  gradual  deepening  of  all  valleys  by 
stream  erosion. 

The  surface  is  so  rugged  jtnd  rocky  that  the  shape  and  arrange- 
ment of  the  valleys  and  ridges  are  of  prime  importance  to  the  oil 
operator,  who  must  transport  heavy  machinery  and  pipe  to  all  parts 
of  the  field.  The  valley  sides  are  so  sieep  that  almost  nowhere  ex- 
cept on  the  roads  can  any  hauling  be  done. 
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BOADS  AND  TOWNS. 

The  roads  of  this  part  of  Kentucky  are  comparatively  poor. 
Partly  through  the  efforts  of  the  oil  men  some  of  the  roads  in  and 
around  the  Irvine  field  have  been  improved  to  a  moderate  extent,  but 
almost  no  macadamizing  or  other  dressing  has  been  done,  though 
limestone  is  abundant  in  all  parts  of  the  district.  In  Irvine  some  of 
the  streets  are  now  being  surfaced  with  gravel  and  hard  black  shale 
of  the  Ohio  (Chattanooga)  formation.  There  is  much  complaint 
among  oil  operators  concerning  the  roads,  and  it  is  said  that  they 
have  offered  to  pay  half  the  cost  of  macadamizing  some  of  the  more 
important  roads  but  that  such  offers  have  not  been  accepted. 

The  main  roads  follow  either  divides  or  valley  bottoms,  and  there 
are  only  a  few  connecting  roads.  The  best  and  most  traveled  road 
of  the  field  runs  from  Irvine  southeast  for  2  miles  and  thence  north- 
east up  the  valley  of  Cow  Creek.  From  this  road  branches  run  up 
the  valleys  of  tributaries;  a  poor  one  runs  up  Sweet  Lick  Branch 
and  a  somewhat  better  one  up  Whiteoak  Creek,  a  mile  to  the  north- 
west. On  the  divide  that  forms  the  north  and  northwest  boundary 
of  the  Cow  Creek  drainage  basin  there  is  a  fairly  good  road,  branches 
of  which  extend  out  along  the  crests  of  branch  divides  and  inter- 
finger  with  the  roads  in  the  valley  bottoms  between. 

Irvine  had  a  population  of  272  in  1910,  but  must  have  several 
hundred  more  now.  The  Irvine  magisterial  district,  one  of  six  such 
districts  in  Estill  County,  had  a  population  of  3,615.  Bavenna,  the 
downtown  portion  of  which  is  ne^ly  2  miles  southeast  of  the  cor- 
responding part  of  Irvine,  is  also  growing  rapidly,  and  the  two 
towns  are  now  practically  one.  Small  stores,  some  of  them  with 
post  offices,  are  fairly  numerous  in  the  country. 

The  Louisville  &  Nashville  Railroad  has  lines  connecting  Irvine 
with  Winchester,  Richmond,  and  BeattyviUe  and  more  distant  points 
in  each  direction. 

GEOLOGY. 

STBATIGBAFHY. 
GENERAL  FEATURES. 

The  Irvine  oil  field  is  situated  on  the  western  edge  of  the  Appa- 
lachian bituminous  coal  basin,  just  a  few  miles  east  of  the  eastern 
border  of  the  broad  area  of  Ordovician  limestones  known  as  the 
Blue  Grass  region  of  Kentucky.  A  southeastward  dip  carries  the 
Ordovician  rocks  of  the  Blue  Grass  region  beneath  successively 
younger  rocks  of  Silurian  and  Devonian  age  which  crop  out  imme- 
diately west  of  Irvine.  To  the  east  these  younger  rocks  are  in 
turn  overlain  by  still  younger  rocks  of  Carboniferous  age  (Missis- 
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sippian  and  Pennsylvanian).  The  Pennsylvanian  rocks  are  at  the 
surface  in  the  great  Appalachian  coal  basin,  east  of  which,  in  the 
western  part  of  Virginia  and  Maryland  and  the  eastern  part  of 
West  Virginia^  the  older  Ordovician,  Silurian,  and  Devonian  rocks 
are  again  brought  to  the  surface  in  areas  that  have  been  subjected 
to  intense  folding  and  faulting. 

As  a  general  rule  the  formations  thicken  toward  the  east.  For 
example,  the  top  of  the  Mississippian  series  in  the  western  part 
of  the  Irvine  field  averages  about  640  feet  above  the  oil  sand  or 
"  Cornif erous "  limestone,  whereas  in  the  eastern  part  of  the  field 
it  is  about  700  feet  above;  in  the  Campton  field,  20  miles  to  the 
east,  it  is  about  850  feet;  and  in  the  east  end  of  Wolfe  County 
nearly  1,000  feet.  This  gradual  eastward  divergence  of  the  Max- 
ville  (?)  and  "  Cornif  erous "  limestones  is  illustrated  in  fi^re  22 
(p.  168). 

UNEXPOSED  ROCKS. 
VEED  OF  IHFOBMATIOV. 

A  question  which  arises  sooner  or  later  in  every  oil  field,  and 
which  is  just  now  beginning  to  arise  in  the  Irvine  field,  is:  What 
chance  is  there  of  finding  oil  reservoirs  below  the  present  productive 
" sand  "  ?  Because  of  this  question,  information  concerning  the  Ordo- 
vician and  Silurian  strata  that  underlie  the  oil-bearing  rock  be- 
comes of  great  importance.  Beds  which  may  form  oil  reservoirs 
are  of  course  of  particular  interest,  but  others  for  which  casing 
must  be  prepared,  or  special  drilMng  plans  made,  must  also  be  con- 
sidered. As  many  of  the  limestones  of  Kentucky  are  porous,  and 
in  places  cavernous,  some  of  them  may  act  as  oil  reservoirs.  Knowl- 
edge concerning  these  underlying  beds  is  not  very  abundant.  One 
of  the  best  sources  of  information  is  the  Richmond  folio  of  the 
Geologic  Atlas  of  the  United  States,  which  covers  an  area  just  west 
of  Irvine.  This  folio,  however,  like  many  other  geologic  reports, 
discusses  only  the  exposed  rocks  and  hence  does  not  describe  some 
of  the  lower  Ordovician  strata. 

BECTIOV  IV  THE  BLVE  OEA88  REOIOV. 

Matson's  description  of  the  rocks  underlying  the  Blue  Grass  re- 
gion/ just  west  of  Irvine,  affords  much  information  concerning  the 
nature  of  the  deep-lying  rocks,  and  the  following  generalized  sec- 
tion for  that  region  is  based  on  his  report.  The  comments  con- 
cerning water  in  the  several  formations  throw  light  on  their  pos- 
sibilities as  oil  reservoirs. 

» MatsoD,  Q.  C,  Water  reaourcea  of  the  Blue  Grass  region,  Ky. :  U.  S,  Geol.  Survey 
Water-Supply  Paper  233,  pp.  14-17,  1009, 
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Section  of  fuird  rock*  in  Blue  Qra%9  region. 

Carboniferous  system : 

Waverly  shale.  .  Contains  beds  of  greenish  sandstone, 
which,  where  near  the  surface,  yield  excellent  Bfxti 

water.    "  The  shale  furnishes  no  water  " 800 

Devonian  system  : 

Ohio  shale.  In  shallow  wells  it  "  yields  an  abundance 
of  highly  mineralized  water.  The  most  common 
mineral  waters  are  sulphur,  chalybeate,  and  alum  "_  150 
"  Comiferous  limestone  "  [oil  sand  at  Irvine].  "  Usu- 
ally a  cherty  magneslan  limestone  \vlth  some  shale 
beds." '   In  deep  wells  yields  moderate  quantities 

of  magnesian  water 30 

Silurian  system : 

"Blue  shales  and  yellow  limestones  in  places  con- 
taining chert.  Locally  Includes  some  sandstone." 
In  deep  wells  **  the  limestones  furnish  considerable 

water  in  some  localities" 60 

Ordovidan  system: 

Richmond  formation: 

Upper  division,  heavy-bedded  gray  or  blue  arena- 
ceous limestones,  with  about  10  feet  of  dense 
calcareous  shale  in  lower  part.  Locally  an  im- 
pure sandstone.     Sandy  portions  yield  a  little 

water  In  some  places 60 

Middle  division,  blue  shale,  with  some  blue  or 

dove-colored  limestone.    Rarely  yields  water 125 

Lower  division,  interbedded  blue  limestone  and 
shale.     May  occasionally  yield  some  sulphur, 

brackish,  or  salt  water 80 

Maysville  formation.  Interbedded  blue  limestones 
and  shales,  the  alternate  layers  usually  thin  and 
nodular.  Most  of  the  beds  thin.  *'  Seldom  yields 
water  at  depths  greater  than  150  feet."  Water  Is 
**  apt  to  be  brackish  and  contain  hydrogen  sulphide  "_  230 
Eden  shale.  Mainly  bluish  shale,  but  upper  part  Is 
commonly   sandy    (Garrard   sandstone),    and    the 

most  sandy  portions  generally  yield  water 200-f 

Winchester  limestone.  Generally  yields  moderate 
amounts  of  strong  brines  with  more  or  less  hydro- 
gen sulphide 60+ 

Lexington  limestone: 

Upper  division,  gray,  crystalline  and  cherty 
(Flanagan  chert).    Commonly  yields  much  salt 

or  saline-sulphur  water 75 

Middle  division,  light -drab  argillaceous  limestone, 
with  shale  beds.  Uppermost  part,  20  to  60  feet 
thick,  is  commonly  sandstone,  with  some  phos- 
phatic  limestone.  Yields  some  strongly  min- 
eralized water,  "  usually  salt  or  salt-sulphur  "_  194 
Lower  division,  heavy  bedded,  coarse  grained, 
crystalline,  and  cherty.  Yields  a  little  salt- 
sulphur  water . 30 


152        CONTRIBUTIONS  TO  ECONOMIC  GEOLOGY,  1917,  FABT  XL 

Ordovlcian  system — (Continued. 

Highbrldge  limestone.  Mainly  limestone,  with  shale 
lenses  here  and  there.  Little  or  no  sandstona 
Yields  moderate  amounts  of  salt  and  salt-salphnr 
water,  especially  from  beds  near  top 400 

Unidentified  limestone,  similar  to  Highbrldge  lime- 
stone        100 

St  Peter  sandstone.  A  siliceons  limestone  yielding 
large  quantities  of  salt-sulphur  water.  Thiclmess 
unknown. 

BEOTZOV  ZV  THE  SZOHXOVI)  QVABBAVOLE. 

Campbell's  section  for  the  Richmond  quadrangle  *  is,  with  slight 
revision,  as  follows: 

Generalized  section  for  the  Richmond  quadrangle. 

Carboniferous  system: 

[Pottsville  formation.] 

Corbin  conglomerate  lentil.    Coarse  pink'  sandstone  or        F^t 
conglomerate - :. 90 

Lee  formation.  Shale  and  sandstone,  with  some  coal 
seams.    The  outcrop  of  the  coal  is  of  minor  extent 250-300 

Rockcastle  conglomerate  lentil.    Coarse  conglomerate.      0-175 

Pennington  shale  [Chester  group?].  Red  and  green 
shale  and  thin  beds  of  limestone 0-00 

Newman  limestone  [St  Louis  and  Ste.  Genevieve 
limestones?].  Blue  limestone,  slightly  cherty  near 
the  base 10O-200 

Waverly  formation.  Green  calcareous  and  argilla- 
ceous sandstone.    Fine  green  clay  shale  with  iron 

concretions— 350-420 

Devonian  system: 

Chattanooga  shale.    Black  carbonaceous  shale 110-150 

Devonian  and  Silurian  systems: 

Panola  formation.  Brown  limestone,  in  places  cherty, 
at  the  top;  light-blue  clay  shale  below;  and  coarse 
yellow  sandstone  or.  brown  siliceous  limestone  at 

the  base 1-70 

Silurian  system: 

Richmond  formation.  Blue  calcareous  shale  with 
thin  beds  of  limestone 800 

Garrard  sandstone    Brown  calcareous  sandstone 70-100 

Winchester  limestone.  Thin-bedded  blue  crystalline 
limestone  with  bands  of  calcareous  shale 200-230 

Flanagan  chert  Thin-bedded  gray  limestone  and  cal- 
careous shale,  containing  nodules  and  bands  of 
chert 0-40 

Lexington  limestone.  Thin-bedded  gray  limestone, 
containing  nodules  of  chert  at  the  base 140-160 

Highbrldge  limestone.  White  limestone,  grading 
downward  Into  gray  limestone  and  calcareous  shale>  190 

^Campbell,  M.  R.,  U.  S.  Oeol.  Surrey  Geol.  Atlas,  Rtchmond  folio  (No.  46),  1898. 
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DEEP-WELL  8E0TI0NB  VEAB  ZBTIVE. 

Hoeing  *  gives  the  following  valuable  discussion  of  exposed  rocks 
and  interpretation  of  records  of  shallow  and  deep  wells  drilled  prior 
to  1904  in  the  Irvine  field : 

EatiU  County  weU8. 

West  tmrm,  Irrtne  field. 

IThldoiBss  Jn  feet.] 


1 

14 
49 

ao 

2 

3 

4 

5 

6 

Clay. 

BlMr  flbftle  (l>«T€ini"ii) ...     ,   . 

8 
60 
20 

26 
SO 
18 

45 
17 
13 

4 
91 
1ft 

22 

52 

Oil  Mnd  (Ooniltow»p«)/. 

13 

83 

92 

93 

75" 

111 

87 

Ne.  7,  West  farm. 


Clay 

Black  sbale 

Hard  gray  lime 

Light  gray  lime 

Otay  soapstone 

Hard  gray  lime 

Soapstone 

Gray  lime 

Bedlime 

Bastard  eray  Ume  . . 
Bastard  orown  lime 
Bastard  gray  lime . . 


Thick- 
ness. 


Feet. 

45 

24 

25 

86 

145 

30 

10 

8 

10 

17 

40 

839 


Depth. 


Feet. 

45 

69 

94 

130 

275 

306 

815 

823 

333 

350 

390 

1,229 


Geologlo  formation. 


Devonian  shale. 

IComiferous  limestcne— Estill  sand  (Ragland 
/   sand). 

Niagara  shale. 

Clinton. 


hower   snarian    (Ordovidaa)    limestoiMB, 
Hudson  and  Trenton  groups. 


Of  the  above  records,  the  first  six  were  taken  at  random  from  a  number  of 
records  of  weHs  drilled  Into  the  oil  sand.  The  seventh  was  drilled  deeper ;  It 
^bows  an  unusual  thickness  of  Cornlferous  (the  limestones  on  outcrop  about  a 
mile  west  are  only  25  to  30  feet  thick)  and  also  shows  145  feet  of  Niagara 
shales  under  the  oil  sand.  The  30  feet  of  limestones  under  the  Niagara  shale 
are  nearly  all  Clinton,  but  the  upper  layers  may  belong  to  the  Niagara.  The 
well  went  probably  250  feet  In  the  Trenton  rocks,  or  about  to  the  top  of  the 
Birdseye. 

A  combined  section  made  from  the  log  of  the  above  well  (No.  7),  the  log  of 
a  well  now  being  drilled  on  Whiteoak  Creek,  and  a  detailed  section  of  the  St. 
Louis,  etc.,  given  in  volume  4  of  the  Owen  reports  would  show  the  rocks  from 
near  the  top  of  the  conglomerate  measures  down  to  probably  within  100  feet 
of  the  base  of  the  Chazy  limestones.  The  well  on  Whiteoak  started  near  the 
top  of  the  black  shale  and  is  down  over  1,9(X)  feet."  The  record  was  not  kept  in 
the  upper  part  but  begins  at  1,260  feet,  which  would  be  Just  about  where  the 
record  of  No.  7  ends.    The  following  is  the  section  combined  as  above : 

'  Hoeing,  J.  B.,  Oil  and  gas  sands  of  Kentucky :  Kentucky  Geol.  Survey  Bull.  1,  pp.  89, 

70,  1905. 

'This  well  has  since  been  drilled  deeper,  striking  falgb-pressiure  gas  in  the  Cftlciferous 
[St  Peter?]  at  about  1,940  feet. 

69812°— Bull.  661—18 11 
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Combined  section  in  BstiU  County. 
[Thecoliiiimflfaowfng  depfth  bas  been  reodcalated  to  ooDfacm  with  other  sections.) 


Thl<±- 


Depth. 


GeoloKic  fornuttlfm. 


HeByjr  sudstone ........... 

Shales  and  ahaly  saodrtone. 

Black  date > 

Coal 


Gray  shales. 


oray 
Coal. 


Shales 

Baft  earthy  Uxnestones 

Archfmwiwi  llmestflne 

Omy  Umestone 

Calcareous  shales 

OoUtieUmestooe 

Bnfl  Umestone 

SemiooUtic  limestone 

Gray  limestones 

Earthy  bull  limestone 

Thin  graj  cherty  limestones 

Maasiye  umestone 

Bine  limestone  and  shale 

Earthy  yellow  limestone 

Sandstones  and  shales 

Black  shale 

Estin  Comity  oil  sand 

Blue  and  gray  shales 

Gray  lime 

Gray  lime 

Gray  shale 

Gray  lime 

Redlime 

Gray  lime 

Brown  lime 

Gray  lime 

Greenish-white  friable  shaly  sandstone 

Hard  fineiErained  limestone,  dark 
dov^-color,  with  occasional  bands 
of  dark-blue  hard  limestone. 

Hard  gray  limestone. 

White  flne<ralned  sand  and  lime 

Bottom  of  Whiteoak  well. 


Fea. 
190 
60 
4 
1 
4 
1 

15 

8 

3 

13 

10 

10 

11 

22 

12 

5 

24 

22 

38 

6 

490 

125 

25 

145 

5 

25 

10 

8 

10 

17 

40 

839 

10 

425 


145 
15 


190 

250 

251 

255 

250 

271 

279 

281 

204 

304 

814 

325 

347 

359 

364 

388 

410 

448 

454 

944 

1,009 

1,094 

1,239 

1,244 

1,209 

1,279 

1,287 

1,297 

1,314 

1,354 

2,193 

2,203 

2,028 


2,773 
2,788 


Conglomerate 


Chester,  83  feet. 


St.  Louis,  150  fset. 


Waverly,  490  feet. 
Devonian  shales,  125  fieet. 
Comifaroas,  25  feet. 

iNiagara,  150  feet. 
Clinton,  63  feet. 


Lower  Silurian  [Ordovldan],  Hudson  and 
TrantoQ  groups,  1,470  feet. 


Calciferous  [St.  PeterT]. 


The  first  15  feet  are  CJalciferous ;  the  next  570  feet  Chazy  and  Birdseye,  with 
about  10  feet  of  fine  Ught-green  sand  marking  the  top  of  the  latter.  Of  the  S39 
feet  of  limestones  above  that,  the  lowest  200  to  250  feet  constitute  the  Trenton 
limestones,  and  the  rest,  up  to  about  1,600,  belong  to  the  Hudson. 

In  another  place  ^  Hoeing  makes  the  following  remarks  conoeming 
what  he  calls  the  White  Oak  sand : 

THE  CALCITEBOUS  [ST.  PETEB  SANDSTONE?]. 

White  Oak  aand  of  Estill  County. 

The  Calciferous  until  quite  recently  has  not  been  known  as  a  gas  or  oil  bear- 
ing rock,  it  generally  producing  strong  brines  and  mineral  waters  where  drilled 
into.  A  well  recently  drilled  at  Ellzabethtown,  in  Hardin  County,  has  produced 
some  gas  from  this  formation  at  a  depth  of  2,300  feet.  There  is  a  flow  of  Blue 
Lick  water  also  in  this  well.  Another  well,  on  Whiteoak  Creek,  in  Estill 
County,  has  dry  gas  from  the  same  formation  at  a  depth  of  about  1,940  feet. 
The  gas  from  this  well  has  quite  a  high  rock  pressure,  and  a  reported  measure- 
ment by  a  Pltot's  tube  gave  a  volume  of  a  little  over  800,000  cubic  feet  per  day. 
A  second  well,  Just  completed,  on  Whiteoak  Creek,  struck  a  strong  show  of  oil 


1  Boeing,  J.  B.,  op.  dt,  p.  58. 
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in  the  Galclferous  at  a  little  greater  depth  than  the  gaa  in  the  first  well.    The 
drilling  was  carried  a  little  deeper  and  a  strong  flow  of  salt  water  encountered. 

OKDOYIOIAH  BT8TEX. 

The  Ordovician  system,  which  includes  the  strata  from  about  300 
feet  to  about  2,000  feet  below  the  surface  at  Irvine,  consists  largely 
of  limestone,  most  of  which  is  probably  too  compact  to  serve  as  an 
oil  reservoir.  Near  the  top,  however,  and  also  at  the  base  there  are 
sandy  strata.  The  sandstone  near  the  top  is  limy  and  on  the  whole 
hard  and  compact,  but  here  and  there  it  probably  has  connecting 
pores  of  sufficient  size  to  form  an  oil  reservoir.  The  sandstone 
at  the  base  is  probably  equivalent  to  the  extensive  and  widely  known 
St.  Peter  sandstone  of  the  upper  part  of  the  Mississippi  Basin.  It 
is  generally  calcareous  and  is  probably  the  formation  called  Calcif- 
erous  in  eastern  Kentucky. 

Throughout  most  of  its  extent  the  St.  Peter  sandstone  yields  either 
an  abundance  of  good,  fresh  water  or  a  small  quantity  of  highly 
mineralized  water,  but  not  the  ordinary  salt  water  of  oil  fields. 
"Blue  Lick,''  or  sulphur  water,  is  commonly  reported,  and  shows 
of  oil  and  gas  are  found  here  and  there.  Two  deep  tests  near  Rag- 
land  seem  to  have  reached  the  St.  Peter  sandstone  at  depths  of 
2,558  and  2,599  feet  The  strata  from  400  to  600  feet  below  the  top 
of  the  system  are  commonly  shaly  or  consist  of  alternating  shale  and 
limestone.  In  Kentucky  the  Ordovician  system  is  exposed  through- 
out an  area  over  100  miles  across,  extending  from  points  a  few  miles 
west  of  the  Irvine  field  north  and  northwest  to  Ohio  River  and  west 
nearly  to  Louisville. 

EXPOSED  ROCKS. 
OOOXrSREHCE. 

Very  good  outcrops  of  many  of  the  formations  immediately  nnder- 
lying  the  surface  in  and  around  Irvine  are  found  in  the  vicinity  of 
Bock  House  Knob.  In  this  hill  the  portion  of  the  Maxville  (?) 
limestone  represented  is  about  80  feet  thick,  the  "Waverly"  about 
400  feet,  the  Ohio  shale  about  90  feet,  and  the  oil  sand  about  10 
feet 

In  his  third  report  Owen*  gives  a  similar  section  of  rocks 
exposed  "  between  low  water  of  the  Kentucky  River  and  the  top  of 
Rock  House  Knob,  capped  with  sub-Carboniferous  limestone." 

Overlying  and  younger  rocks  cap  the  hills  in  the  eastern  part  of 
the  Irvine  field,  and  older  strata  appear  in  the  valley  bottoms  to  the 
northwest. 

*  Owen,  D.  D.,  Kentucky  Gcol.  Survey  Third  Rept.,  pt.  1,  p.  188,  1857. 
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SZLintlAV  BTBTSK. 

In  the  region  around  Irvine  the  Silurian  system  is  about  300  feet 
thick  and  consists  mostly  of  shale.  It  includes  almost  all  the  strata 
between  the  oil  sand  of  the  Irvine  field  {^  Comif erous "  limestone) 
and  the  top  of  the  great  limestone  mass  of  the  Ordovician  system 
and  is  exposed  north  and  northwest  of  Irvine.  The  lowermost  50 
or  60  feet  consists  of  alternating  beds  of  impure  and  semicrystalline 
limestone  and  shale,  which  grade  down  into  the  sandy  uppermost 
portion  of  the  Ordovician.  The  central  portion  of  the  Silurian  is 
mainly  gray  shale,  which  here  and  there  shows  tints  of  red,  purple, 
and  pink.  In  the  upper  part  of  this  central  portion  there  are  alter- 
nating beds  of  limestone  and  shale.  The  uppermost  third  of  the 
system  is  mainly  gray  shale  but  includes  a  few  beds  of  limestone. 
The  stratum  of  principal  importance  to  tlie  oil  operator  is  a  sand- 
stone near  the  top,  which  is  lacking  in  many  parts  of  the  area. 
Owing  to  an  unconformity,  its  position  below  the  oil  sand  of  the 
Irvine  field  is  also  irregular.  The  sandstone  is  commonly  20  to  30 
feet  thick  and  would  furnish  a  good  reservoir  for  oil  or  gas.  Most 
of  the  limestones  of  the  Silurian  appear  too  compact  for  oil  or  gas 
accumulations. 

Foerste,*  who  studied  the  succession  of  rocks  in  this  region  with* 
considerable  care,  divides  the  exposed  portion  of  the  Silurian  into 
the  Brassfield  (Clinton)  limestone,  about  15  feet  thick,  at  the  base, 
and  the  Crab  Orchard  division  above ;  the  Crab  Orchard  he  further 
divides  into  the  Indian  Fields  and  Alger  formations.  The  lower  part 
of  the  Brassfield  limestone  is  thick  bedded  and  the  upper  thin  bedded, 
with  a  few  clay  layers.  Foerste'^  Indian  Fields  formation  is  de- 
scribed as  consisting  of  10  or  12  feet  of  limestone  overljdng  4  or  5 
feet  of  clay  and  his  Alger  formation  as  consisting  of  about  100 
feet  of  clay  with  a  bed  of  limestone  1  to  2  feet  thick  12  to  16  feet 
above  the  base.  Foerste  calls  the  lower  clay  member  of  his  Alger 
formation  the  Lulbegrud  clay,  the  upper  member  the  Estill  clay, 
and  the  limestone  between  the  Waco  limestone.  All  three  are  very 
well  exposed  on  the  lower  slopes  of  hills  along  the  lower  2  or  3 
miles  of  Whiteoak  Creek,  from  1  to  3  miles  north  of  Irvine.  These 
divisions  can  be  readily  identified  and  followed  in  the  outcrops 
around  Irvine  and  can  be  fairly  readily  recognized  in  drilling. 

The  layers  that  would  seem  most  likely  to  contain  oil  where  the 
structure  and  other  conditions  are  favorable  are  the  20  to  80  foot 
sandstone  lying,  where  present,  50  feet  or  less  below  the  top,  a  lime- 
stone lying  about  100  feet  from  the  top  and  one  or  two  limestones 
near  the  base.  The  Waco  limestone  of  Foerste,  lying  about  60  feet 
below  the  top  (or  base  of  the  oil  sand  of  the  Irvine  field)  is  not 

» Foente,  A.  P..  Eentveky  0«ol.  Survey  BoU.  7,  pp.  10-58.  liK)6. 
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promising  as  an  oil-bearing  stratum,  for  it  is  both  thin  and  compact 
and  is  inclosed  in  thick  beds  of  noncarbonaceous  clay.  This  lime- 
stone, however,  is  magnesian  and  porous,  at  least  in  places. 

The  uppermost  Silurian  rocks  may  be  seen  at  the  surface  in  rail- 
road cuts  and  the  bottoms  of  gullies  in  and  around  Irvine.  One  of 
the  best  exposures  is  in  a  railroad  cut  a  mile  north  of  Irvine.  The 
middle  and  lower  portions  appear  down  the  river  to  the  northeast, 
and  the  whole  system  is  exposed  on  the  valley  sides  a  little  below  the 
mouth  of  Bed  Biver. 

DEVOVIAV  8T8TEX. 
"  COKNpTBOITS  "  LIICSSTONE    ( BOYLE  LIICESTONE  OF  FOEBSTE). 

The  lowest  and  oldest  Devonian  formation  of  the  Irvine  oil  field  is 
the  oil  sand  itself,  which  is  really  a  magnesian  limestone  or  dolomite. 
It  has  been  variously  known  as  the  Comiferous  limestone,  Devonian 
limestone,  Boyle  limestone,  Columbus  limestone,  and,  incorrectly  by 
drillers,  Clinton  limestone.  It  is  of  about  the  same  age  as  the 
Columbus  and  Delaware  limestones  of  central  Ohio.  Its  fossils  are 
said  by  Butts  ^  to  resemble  those  of  the  Delaware  limestone  more  than 
those  of  the  Columbus,  and  it  may  be  that  the  representative  of  the 
Columbus  is  missing,  for  there  is  an  unconformity  at  or  near  the  base 
of  the  limestone. 

In  thickness  this  limestone  shows  a  wide  range.  In  railroad  cuts 
m  Irvine  and  in  hillside  exposures  from  1  to  4  miles  north  of  Irvine 
it  is  less  than  15  feet  thick.  (See  PI.  XII,  B,)  To  the  east,  however, 
logs  of  oil  wells  show  30  or  40  feet  or  even  more.  Elsewhere  in  Ken- 
tucky its  thickness  is  as  low  as  1  foot,  and  in  places  it  may  be  lacking. 
On  the  whole,  it  thins  toward  the  south  and  west  and  thickens  toward 
the  north  and  east.  Not  far  south  of  Irvine  it  is  cut  out  by  an  un- 
conformity at  the  base  of  the  overlying  black  shale.  In  the  Campton 
field  it  is  probably  200  feet  thick.  A  limestone  about  780  feet  thick 
on  Lick  Creek,  about  5  miles  northwest  of  Gallup,  in  Lawrence 
County,  is  believed  to  belong  to  this  formation. 

The  limestone  generally  has  a  porous  sandy  texture  and  contains 
many  small  cavities,  some  of  them  lined  with  crystals.  It  is  rather 
heavy  bedded  and  is  much  jointed,  so  that  on  weathering  it  falls  into 
somewhat  rectangular  blocks  a  few  feet  across.  At  some  places,  par- 
ticularly a  mile  or  two  northwest  of  Irpne,  it  is  very  cherty  but  at 
others  it  contains  little  chert.  Several  metallic  and  other  minerals 
were  observed  along  joint  cracks  and  in  cavities  associated  with 
faults.     Marcasite,  a  sulphide  of  iron,  is  a  common  constituent. 

1  Butts,  Charles,  oral  communicatloii. 
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Galena  and  sphalerite,  lead  and  zinc  sulphides,  were  found  a  mile 
northwest  of  Irvine,  and  barite  was  seen  at  several  places.  Peter  ^ 
states  that  the  first  copper  ore  found  in  Kentucky  was  obtained  at 
Irvine.  The  metallic  minerals  yield  glittering  grains  in  drill  cut- 
tings. For  example,  samples  of  the  oil  sand  from  a  well  850  feet 
deep  on  a  farm  owned  by  Frank  B.  Bussell,  three-fourths  of  a  mile 
south  of  Furnace  post  office,  contain  many  fragments  of  marcasite 
and  a  few  of  sphalerite. 

This  limestone  is  easily  recognized  in  well  drilling,  for  it  is  over- 
lain and  underlain  by  soft  whitish  clay  shale  and  is  the  first  lime- 
stone below  the  hard  Ohio  black  shale.  It  constitutes  the  oil  sand  of 
many  fields  in  eastern  Kentucky.  It  has  sometimes  b^n  called  Clin- 
ton sand,  but  the  position  of  the  true  Clinton  sand  is  considerably 
lower.  .In  some  parts  of  the  region  around  the  Irvine  oil  field  the 
limestone  is  said  to  be  wanting,  and  in  drilling  in  such  places  a  lower 
limestone  may  be  identified  as  "  Cornif erous "  by  mistake,  for  the 
clay  shales  above  and  below  the  "Comiferous"  are  very  similar. 
The  "  Comif erous "  is  perhaps  more  likely  to  be  confused  with  the 
Waco  limestone  of  Foerste  than  with  any  other  bed,  but  where  the 
two  are  exposed  on  the  same  hillside  great  differences  are  generally 
apparent. 

The  limestone  is  in  only  a  few  places  petroliferous  throughout  its 
thickness,  and  these  places  are,  so  far  as  known,  where  it  is  com- 
paratively thin.  The  oil  and  gas  bearing  portion,  or  "  the  pay,"  as  it 
is  called,  varies  considerably  in  position  and  thickness  from  well  to 
well.  On  the  whole  it  seems  thicker  and  farther  below  the  top  of 
the  formation  in  the  eastern  part  of  the  Irvine  field  than  in  the  west- 
em  part,  but  in  the  extreme  eastern  portion  two  "  pays  "  are  reported. 
In  color  the  "  pay  "  is  one  shade  or  another  of  brownish  gray.  The 
oil-bearing  portion  of  the  rock  is  firmly  cemented,  commonly  showing 
much  recrystallization,  though  it  is  full  of  minute  cavities,  most  of 
which  are  intercommunicating.  In  this  respect  it  contrasts  with 
some  other  limestones  of  the  southern  Appalachian  region,  which 
carry  small  quantities  of  oil  in  large  cavities  and  fissures.  Some 
portions,  however,  are  fine  grained.  The  coarse-grained  crystalline 
limestone  commonly  shows  a  strong  pinkish  tinge,  but  most  of  the 
limestone  is  light  gray  and  acquires  a  brown  stain  on  weathering. 

The  chemical  composition  of  a  somewhat  argillaceous  and  very 
cherty  portion  of  the  oil  sand  is  indicated  by  the  analyses  given  in 
the  following  quotation  from  a  report  by  Peter :  * 

^  Peter,  Robert,  Second  chemical  report  on  the  ores,  rocks,  soils,  coals,  mineral  waters, 
etc.,  of  Kentucky :  Kentucky  Geol.  Surrey  Second  Rept,  p.  162,  1857. 

>  Peter,  Robert,  A  summary  of  the  chemical  analyses  of  ores,  rocks,  soils,  clays,  marlii, 
iron  furnace  products,  mineral  waters,  etc.,  of  Kentucky :  Kentucky  GeoL  Survey  Fourth 
Kept,  for  1858-69,  pp.  141-142,  1861. 
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No.  95L  limestone  (hydraulic?),  labeled  "Hydraulic  limestone?  2  miles 
west  of  Red  River  Iron  Works,  EstlU  CJounty,  Ky.  (Devonian).*'  A  brownish- 
black  or  dark  umber-colored  fine-granular  rock;  easily  broken;  does  not  adhere 
to  the  tongue.    Powder  of  a  light  umber  color. 

CompoHtion  of  three  limestonet,  dried  at  212"*  F. 


No.  049 

(argilla- 

ceoos 

Um»* 

stone). 

No.  950 
(lime- 
stona 

shale). 

No.  951 

(hydrau- 

lio 

stone). 

n«rbmMtA  of  Hmff 

27.980 

19.022 

9.660 

.246 

.544 

.618 

.296 

38.480 

8.154 

87.480 

22.927 

6.160 

.182 

1.368 

.695 

.372 

28.580 

2.236 

36.580 

Ctrbonftte  of  xnamosla ,,.,.. 

19.792 

6.260 

FtuMDhoflo  acid 

.079 

Solpninic  acid 

1.661 

Pvtksh : 

.482 

Soda 

.231 

ffi]«x  »"''  <Ti«AinWA  flUicatea 

28.240 

Water  and  loss 

0  6.775 

Mobftim  kttm  at  212*  F .              

100.000 
.700 

100.000 
.700 

100.000 
.740 

a  This  includes  some  bituminous  matters. 

Although  these  limestones  contain  more  siliceous  and  aluminous  matters  than 
the  best  water  limes,  they  are  worthy  of  trial  as  hydraulic  cement. 

A  sample  of  the  oil  sand  from  a  well  in  the  eastern  part  of  the 
field  was  submitted  to  George  Steiger,  of  the  United  States  Geological 
Survey,  to  determine  the  magnesium  and  calcium  carbonates.  The 
sample  was  made  up  from  drill  cuttings  obtained  by  the  writer  at 
the  well  immediately  after  it  was  finished,  and  as  the  finer  frag- 
ments of  rock  that  were  washed  out  of  the  samples  in  bailing  are 
probably  of  the  same  composition  as  the  coarser  fragments,  the 
figures  are  believed  to  represent  the  composition  of  the  oil  sand  at 
this  well  and  are  also  believed  to  be  in  a  general  way  representative 
for  the  field.  The  portion  insoluble  in  hydrochloric  acid,  however, 
may  consist  partly  of  fragments  of  overlying  shale  that  had  fallen 
to  the  bottom  of  the  well.  In  any  case  the  analysis  shows  that  the 
oil  sand  at  this  place,  at  least,  is  practically  a  dolomite  and  not 
limestone  in  the  ordinary  sense.  The  pure  mineral  dolomite  consists 
of  calcium  carbonate,  54.35  per  cent,  and  magnesium  carbonate, 
45.65  per  cent.  Roughly,  dolomite  has  almost  five-sixths  as  much 
magnesium  carbonate  as  calcium  carbonate,  whereas  the  oil  sand  of 
the  Irvine  field  seems  to  have  only  about  three-fourths  as  much. 

Partial  analysis  of  composite  sample  of  oil  sand  from  Huff  gas  well,  near 

EstiU  Furnace^  Ky. 

[George  Steiger,  analyst.] 

Insoluble  in  HCl 24. 7 

FeO 2.4 

CaO 22.3 

MgO 14.3 

COi 34. 3 
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Pnbabto  eonblBAtlonf. 

Insoluble  In  HCl 24. 7 

GaCOt 40 

MgCOt 30.2 

FeCOo 2.3 

FeO .9 

Throughout  most  of  its  extent  in  and  around  the  Irvine  oil  field 
the  oil  sand  probably  contains  at  least  15  to  20  per  cent  of  magnesium 
carbonate,  and  its  porosity  and  consequent  suitableness  as  an  oil 
reservoir  are  probably  due  to  the  process  by  which  the  magnesium 
carbonate  was  introduced,  for  magnesian  limestones  are  commonly 
porous  and  sandy  in  texture. 

OHIO    (CHATTANOOGA)    SHALE  AND  OLXNTANOT    (?)    SHAUB. 

The  next  formation  above  the  "Comiferous"  limestone  is  the 
peculiar  hard  black  fissile  shale,  from  125  to  150  feet  in  thickness, 
which  is  well  known  to  drillers  because  of  its  striking  nature,  par- 
ticularly its  color  and  brittleness.  It  is  well  exposed  at  the  bases  of 
th€  mountains  around  Irvine  and  in  a  belt  5  to  10  miles  wide  extend- 
ing many  miles  northeast  and  southwest  of  Irvine;  in  fact,  a  belt 
surrounding  the  great  area  of  Ordovician  rocks  above  described  ex- 
tends nearly  to  Louisville  and  far  beyond  Cincinnati. 

Generally  the  "  Cornif erous "  limestone  is  immediately  overlain 
by  a  bed  of  soft  light-gray  or  bluish-gray  clay  shale  5  to  10  feet 
thick,  and  this  in  turn  is  overlain  by  5  to  10  feet  of  hard  sandy  light- 
colored  mudstone.  In  some  places  the  hard  mudstone  is  lacking,  and 
in  a  few  places  the  black  shale  rests  directly  upon  the  limestone,  both 
light-colored  beds  being  lacking.  Here  and  there,  as  4  miles  north- 
west of  Irvine,  the  basal  part  of  the  black  shale  is  interstratified  with 
two  or  three  of  the  upper  beds  of  limestone,  with  lenses  of  light- 
colored  clay  shale.  On  the  whole  th€  clay  shale  is  persistent  and 
probably  performs  an  important  function  in  sealing  in  the  oil  of  the 
limestone  below.  It  seems  to  be  indistinguishable  from  a  bed  under 
the  black  shale  in  central  Ohio  known  as  the  Olentangy  shale, 
and,  as  Foerste*  has  suggested,  the  two  are  probably  equivalent. 
They  resemble  each  other  in  color,  hardness,  and  stratigraphic  rela- 
tions and  in  carrying  locally  rather  large  crystals  of  marcasite.  Well 
records  indicate  that  eastward  from  Irvine  this  clay  shale  gradually 
increases  in  thickness. 

The  great  overlying  mass  of  black  shale  is  perhaps  the  most  strik- 
ing formation  in  a  region  where  all  the  formations  are  rather  im- 
pressive. It  is  remarkably  uniform  in  make-up  and  appearance  and 
is  found  in  every  weU  that  penetrates  to  its  horizon  throughout  the 
broad  region  of  its  occurrence,  a  region  that  covers  thousands  of 

1  Foente,  A.  F.,  The  Sllnrian,  Deyonlan,  and  Irvine  formations  of  east-central  Ken- 
tucky :  Kentucky  Geol.  Surrey  BulL  7,  p.  288,  1906. 
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tsquare  miles  in  the  Appalachian  and  other  oil  fields.  Some  of  the 
wells  in  the  Irvine  field  report  variations  in  the  color  and  hardness 
of  the  shale,  and  some  departures  from  uniformity  were  observed  in 
outcrops,  but  such  differences  are  slight  and  of  small  extent.     (See 

PL  xn,  C.) 

In  eastern  Tennessee  and  Kentucky  and  adjoining  territory,  where 
this  formation  is  generally  5  to  125  feet  thick,  it  has  been  named  the 
Chattanooga  shale,  from  a  typical  exposure  at  Chattanooga,  Tenn. 
In  Ohio  and  Pennsylvania,  in  some  parts  of  which  this  shale  is 
thousands  of  feet  thick  and  has  several  distinct  subdivisions,  it  is 
known  as  the  Ohio  shale.  The  region  of  transition  from  the  northern 
to  the  southern  phase  is  in  northeastern  Kentucky. 

Although  the  Ohio  (Chattanooga)  shale  is  here  classed  as  De- 
vonian, some  geologists^  believe  that  the  uppermost  part  is  Carbon- 
iferous. 

The  opposing  view  that  the  black  shale  is  altogether  Devcn^an  is 
set  forth  by  several  writers,  among  whom  siiould  be  mentioned  par- 
ticularly Kindle,'  who  describes  in  considerable  detail  some  features 
of  the  strata  that  crop  out  around  Irvine. 

Gas  and  oil  showings  in  the  black  shale  are  often  reported.  Hoe- 
ing' says: 

The  black  shale,  wherever  tested  under  cover,  carries  a  large  percentage  of 
oil  disseminated  through  it  and  furnishes  the  oil  for  numerous  oil  springs  along 
its  outcrop.  When  driUed  through,  it  often  gives  shows  of  oil  and  gas  all  the 
way  through  it,  especially  at  points  where  a  hard  layer  in  the  shale  forms  a 
cap  or  shell.  In  other  States  it  has  been  found  to  be  a  reservoir  for  low- 
pressure  gas  In  moderate  quantities,  but  in  Kentucky  it  has  so  far,  with  but 
one  notable  exception,  given  neither  gas  nor  oil  in  large  amounts.  The  struc- 
ture of  the  shale  itself  is  not  favorable  for  the  accumulation  of  oil  in  reservoirs 
unless  somewhere  a  sandstone  should  be  found  embedded  in  it 

The  exception  above  referred  to  is  the  well-known  Meade  County  field,  where 
gas  vras  found  in  the  black  shale  and  piped  to  LouisvlUe. 

OAXBOVIFEBOirS  8Y8TXIL 
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Overlying  the  black  Ohio  shale  is  from  400  to  450  feet  of  soft 
olive-colored,  drab,  or  bluish  shale  which  contains  many  sandy  layers 

1  WlUiams,  H.  S.,  On  the  southern  Devonian  formations :  Am.  Joar.  Scl.,  4th  ser.,  vol. 
3,  p.  398,  1897. 

Grabao,  A.  W.,  Types  of  sedimentary  overlap :  Geol.  Soc.  America  Boll.,  vol.  17,  p.  609, 
1906. 

Morse,  W.  C,  and  Foerste,  A.  F.,  The  Waverly  formations  of  east-central  Kentucky: 
Jour.  Geology,  vol.  17,  p.  176,  1909. 

Ulricli,  E.  O..  The  Chattanoogan  series  with  special  reference  to  the  Ohio  shale  prob- 
lem: Am.  Jour.  Scl.,  4th  ser.,  vol.  34,  pp.  157-183,  1912. 

>  Kindle,  B.  M.,  The  unconformity  at  the  base  of  the  Chattanooga  shale  In  Kentucky : 
Am.  Jonr.  Set,  4th  ser.,  vol.  33,  pp.  120-136,  1912. 

*  Hoeing,  J.  B.,  The  oil  and  gas  sands  of  Kentucky :  Kentucky  Qeol.  Surv^  Bull.  1,  p.  60» 
1906. 
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and  a  few  lenses  of  fairly  clean  sandstone  and  thin  beds  of  limestone. 
This  shale  is  equivalent  to  the  "  Waverly  group  "  of  Ohio  and  prob- 
ably to  the  Pocono  formation  of  Pennsylvania,  which  includes  the 
famous  Big  Injun  oil  sand. 

In  some  places  immediately  above  the  Ohio  black  shale  is  a  thin 
porous  limestone  which  is  commonly  sandy.  This  is  probably 
equivalent  to  the  Beaver  Creek  ''  sand,"  an  oil-bearing  limestone  of 
southern  Kentucky.  In  the  Irvine  field  it  seems  to  contain  no  oil 
or  gas,  but  it  may  be  found  productive  to  the  east,  farther  from  its 
outcrop. 

The  central  part  of  the  formation  is  largely  olive-colored  or  light- 
green  clay  shale  containing  many  clay  ironstone  concretions,  com* 
monly  called  boulders  by  drillers,  ranging  from  an  inch  or  two  to 
3  feet  in  diameter.  Many  of  them  when  broken  show  the  yellowish 
metallic  glitter  of  marcasite.  Such  concretions  are  especially  abun- 
dant in  Bockhouse  Fork.  A  2-foot  layer  of  purplish  clay  shale  is 
exposed  near  the  mouth  of  this  fork. 

In  places  the  uppermost  part  of  the  "  Waverly "  is  more  or  less 
calcareous,  and  just  northeast  of  the  field  it  contains  considerable 
shaly  and  fossiliferous  limestone  having  the  approximate  strati- 
graphic  position  and  general  aspect  of  the  Keokuk  limestone  of 
Illinois,  Missouri,  and  other  States.  A  collection  of  fossils  was 
made  and  submitted  to  George  H.  Girty,  with  the  request  that  he 
determine,  if  possible,  whether  or  not  they  indicate  that  the  strata 
are  of  Keokuk  age,  and  he  reports  as  follows : 

Fossils  collected  40  feet  below  base  of  clifF  of  St  Louis  (?)  limestone  1^ 
miles  south  of  High  Rock  and  5  miles  south  of  Filson,  Ky. : 

Batostomella  sp. 

Cystodictya  lineata? 

Orthotetes  sp. 

Chonetes  illinoisensls? 

Productus  ovatus. 

Spirifer  aff.  S.  grimesl. 

Athyris  lamellosa. 
This  lot  appears  to  be  of  the  age  of  the  Keokuk  limestone.    In  llthology  the 
beds  from  which  the  fossils  were  obtained  are  more  like  the  "  Waverly  group  " 
of   Ohio,  and   I   think   that   they  probably  belong   somewhere   in   the   upper 
"  Waverly,"  but  the  fauna  is  more  like  that  of  the  typical  Keokuk. 

In  Ohio  the  "Waverly"  has  been  subdivided  by  Prosser*  into 
the  Logan  formation.  Black  Hand  formation,  Cuyahoga  formation, 
Sunbury  shale,  Berea  grit,  and  Bedford  formation,  named  from  the 
top  down.  The  Berea  is  a  famous  oil-bearing  bed,  named  from 
Berea,  Ohio,  where  it  crops  out  and  in  places  is  quarried  for  grind- 
stones. 

^Proflser,  C.  8..  Tbe  claBslflcation  of  the  Waverly  series  of  central  Ohio:  Jour.  G€Olog7t 
▼ol.  9,  pp.  214,  216,  1901. 
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Morse  and  Foerste  ^  give  the  following  statement  and  section : 

Here  [at  Irvine]  the  Bedford-Berea  is  1  foot  6  inches  in  thickness  and  fos- 
sUlftfous,  while  the  Sunbnry  is  only  8  feet  This  very  gradual  decrease  in 
the  Sunbnry  should  be  noted,  although  it  is  much  less  marked  than  the  thin- 
ning of  the  Bedford-Berea. 

Section  of  Minerva  Mountain,  Irvine. 

Ft   in.      Feet 
0.  Sub-Carboniferous  limestone:  Yellowish  sandy- 
like  limestone,  lying  at  the  extreme  top  of 
the  hlU 1 

5.  Upper  Waverly  series,  not  divided 844 

Ck>vered  interval CO    6 

Thin-bedded  buff  argillaceous  sandstones; 
which    weather    to    thin    shaly    pieces; 

TaonurtiB 17    0 

Layers'  of  massive  buff  argillaceous  sand- 
stone; TaowuruB  abundant 24    0 

Buff    argillaceous    sandstones,    weathering 

to  sliales;  Taofi«n«« 17    0 

Covered  interval 225    6 

4.  Cuyahoga  formation,  top  not  determined 144 

Brownish  ferruginous  and  calcareous  nodu- 
lar layer  of  sandstone 6 

Indurated   bluish   to   pinkish   argillaceous 

shales  with  ferruginous  nodular  layers..    60    6 
Soft   bluish   argillaceous   shale   with   fer- 
ruginous nodular  layers,  slightly  covered 

(top  of  Linietta  clay) 63    6 

Layer  of  brownish  argillaceous  sandstone, 

which  breaks  up  into  shaly  layers 2    0 

Soft  bluish  to  pinkish  argillaceous  shales 

with  small  phosphatic  nodules 8    6 

3.  Snnbury    shale:     Black    fissile    carbonaceous 

shales .--  8 

2.  Bedford-Berea 1| 

Argillaceous  shales  with  phosphatic  nodules  2 

Black  fissile  carbonaceous  shales 8 

Dark  argillaceous  shales,  with  some  car- 
bonaceous material 6 

Gray   calcareous   and   argillaceous   shales, 

slightly   fossiliferous 2 

.Yellowish     calcareous     and     argillaceous 

shales,  the  upper  part  very  fossiliferous.  6 

L  Ohio  shale:  Black  fissile  carbonaceous  shales, 
with  an  occasional  softer  argillaceous  layer. 
Practically  all  exposed  to  the  highway 94} 

The  "Waverly"  formation  underlies  the  surface  of  valley  sides 
and  hill  slopes  throughout  the  Irvine  field  and  much  surrounding 

^Mone,  W.  C,  and  Poerste,  A.  P..  The  Waverly  formations  of  east-central  Kentucky: 
Jour,  Geology,  vol.  17,  pp.  172-173,  1900.  See  also  Kentucky  Geol.  Survey  Bull.  10, 
■erlal  No.  19,  pp.  A^-Al,  1912.  Also  Poerste,  A.  P.,  The  Bedford  fauna  at  Indian  Plelda 
and  Irflne,  Ky. :  Ohio  Naturalist,  toI.  9,  pp.  510M(28,  1809. 
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territory.  It  is  readily  identified  by  its  light  olive  or  greenish-gray 
color,  together  with  its  dominant  soft  shaly  nature,  great  thickness, 
and  position  between  the  black  shale  below  and  the  ^^Mississippi 
lime  "  or  big  lime  above.  The  lower  part  of  it  and  the  upper  part 
of  the  underlying  black  shale  are  well  exposed  at  the  mouth  of 
Cow  Creek  and  around  the  base  of  the  mountain  immediately  to 
the  east.  Other  parts  are  more  or  less  well  exposed  at  many  places 
throughout  the  field  and  surrounding  country  but  nowhere  on  moun- 
tain tops  and  in  valley  bottoms  except  in  the  eastern  part.  Compared 
with  other  formations,  however,  it  is,  because  of  its  softness  and 
weak  nature,  poorly  exposed. 

The  upper  part  of  the  formation  is  more  or  less  sandy,  and  the 
amount  of  sand  seems,  on  the  whole,  to  increase  upward  to  the  top. 
This  sandy  portion  is  approximately  if  not  exactly  the  same  as  the 
Big  Injun  sand  of  the  drillers  of  West  Virginia,  Ohio,  and  Penn- 
sylvania. 

Hoeing  ^  and  Morse  and  Foerste '  have  discussed  the  possibility  of 
finding  oil  in  the  "  Waverly  "  of  Kentucky,  but  as  the  formation  is 
mostly  above  drainage  level  in  and  around  the  Irvine  field,  it  prob- 
ably contains  no  oil  here. 

MAXVnJUB   (T)   UHESTOmL 

At  the  top  of  the  Mississippian  series  is  50  to  175  feet  of  limestone, 
with  here  and  there  a  bed  of  hard  bluish  or  drab  shale  and  gener- 
ally soft  sandstone  of  varying  fineness  of  grain.  This  limestone  is 
probably  the  same  as  the  Maxville  limestone  or  Big  lime  of  West 
Virginia  and  adjacent  oil  regions,  and  the  Newman  limestone  of  the 
Eichmond  folio  of  the  Geologic  Atlas  of  the  United  States  and 
other  reports  on  neighboring  areas  to  the  west.  It  seems  to  be  the 
sole  representative  in  the  Irvine  field  of  several  formations  in  the 
oil  region  of  Illinois,  including  the  St.  Louis  and  Ste.  Genevieve 
limestones,  and  the  overlying  beds  of  the  Chester  group.  (See 
PL  XII,  A,  p.  156.) 

In  other  regions  where  it  is  known  to  occur  the  St.  Louis  lime- 
stone is  almost  everywhere  cherty  and  jointed,  carries  Lithostrotion 
canadense^  commonly  gives  rise  to  sink  holes,  and  is  comparatively 
resistant  to  erosion,  so  that  it  stands  forth  in  bold  cliffs.  A  member 
of  the  Maxville  (?)  limestone  at  Irvine,  lying  at  or  near  the  base  and 
including  about  50  feet  of  heavy-bedded  limestone,  so  closely  resem- 
bles the  St.  Louis  elsewhere  that  it  is  provisionally  regarded  as 
equivalent  to  that  formation.  It  is  more  or  less  cherty  and  jointed; 
the  characteristic  fossil  referred  to  was  found  in  it  at  several  places, 

1  Hoeing,  J.  Bm  Oil  and  gas  lands  of  Kentucky :  Kentucky  GeoL  Sanrey  BoU.  1,  PP-  ^'^* 
48.  1905. 

»  Morse,  W,  C,  and  Foerste,  A.  P.,  Preliminary  report  on  the  Waverllan  formations  oi 
east-central  Kentucky  and  their  economic  valnes :  Kentucky  Geol.  Survey  Bull.  16,  P>  ''^* 
1912. 
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as,  for  example,  on  the  Whiteoak  Creek  road,  1^  miles  southwest 
of  Union  Hall ;  sink  holes  are  fairly  common  where  the  limestone  is 
not  buried  under  the  sandstone  and  shale  of  the  overlying  Pottsville 
formation,  as,  for  example,  in  the  vicinity  of  Estill  Furnace  and  a 
mile  north  of  High  Rock;  and  it  forms  so  continuous  an  escarpment 
at  its  outcrop  that  it  is  widely  used  as  a  farm  boundary.  Perhaps 
fcff  a  fourth  or  a  third  of  the  length  of  its  outcrop  this  escarpment 
is  a  vertical  cliff  which  may  be  seen  for  miles,  and  hence,  as  there  is 
scarcely  a  square  mile  in  or  near  the  field  where  it  does  not  occur,  it 
is  of  great  value  in  structural  studies.    (See  PL  XY,  A^  B^  p.  172.) 

Above  the  cliff-making  limestone  is  from  1  foot  to  100  feet  of  lime- 
stone that  consists  on*  the  whole  of  purer  lime  carbonate  and  contains 
much  less  silica,  though  it  includes  lenses  of  both  shale  and  sand- 
stone. The  principal  reason  for  the  marked  variation  in  thickness 
is  an  unconformity  at  the  top.  No  doubt  this  limestone  was  origi- 
nally at  least  75  feet  thick,  but  before  the  overlying  strata  were  laid 
down  it  was  exposed  to  the  weather  and  extensively  eroded.  Its 
lower  part  is  either  coarsely  crystalline  or  oolitic,  resembling  fish 
eggs.  Some  of  it,  however,  is  argillaceoua  Like  the  "  Comiferous  " 
limestone  it  contains  many  button-like  or  beadlike  sections  of  steins 
of  crinoids,  or  sea  lilies.  The  upper  part  is  less  pure  and  contains  the 
lenses  of  sandstone  and  shale. 

So  far  as  known  the  lower  part  of  this  member  may  be  equivalent 
to  the  Ste.  Genevieve  limestone  of  Missouri,  which  is  generally  oolitic 
and  which  in  the  Illinois  oil  fields  is  known  as  the  McClosky  sand, 
and  the  upper  part  to  the  overlying  beds  of  the  Chester  group  of 
Illinois,  which  consists  of  much  sandstone,  including,  in  Illinois, 
many  of  the  producing  sands,  and  greenish  calcareous  shale.  Red- 
di^  and  purplish  tints  are  also  common  in  the  Chester  and  are  to  be 
seen  at  some  places  east  of  Irvine. 

A  collection  of  fossils  obtained  from  the  limestone  was  submitted 

to  George  H.  Girty,  with  the  request  that  he  determine  whether  or 

not  they  are  of  Ste.  Genevieve  age,  and  he  reports  as  follows : 

Fossils  coUected  4  miles  northeast  of  Irvine,  Ky.,  on  crest  of  ridge  south  of 
Whiteoak  Creek: 

Enpachycrinus?  sp. 
Fenestella  sp. 
Rhombopora  sp. 
Streblotrypa  nicklesi. 
Productus  ovatus. 
Oirtyella  indianensis. 
Spirifer  pellensis. 
CJomposita  trinuclea. 
Oliothyridina  flublnmellosa. 
Leptodesma  sp. 
Deltopecten  monroensis. 
Aviculipecten  talboti. 
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Gonocardlum  sp. 
Botrochus  sp. 
Griffithides  sp. 
This  collection  almost  certainly  belongs  at  the  horizon  of  the  Ste.  Geneyieve 
limestone. 

PenmyliraBiMi  aeilM. 

POTTSVIIXE  FOBMATION. 

The  ridges  in  and  around  the  Irvine  field,  particularly  to  the  east 
and  south,  are  for  the  most  part  capped  with  sandy  strata  having 
an  aggregate  thickness  of  1  foot  to  200  feet  and  belonging  in  the 
widely  known  Pottsville  formation.  The  type  locality  of  this  for- 
mation is  in  the  anthracite  region  of  eiLstern  Pennsylvania,  but  it  is 
readily  recognized  in  western  Pennsylvania,  West  Virginia,  Ohio, 
Indiana,  Illinois,  Kentucky,  Tennessee,  and  other  States.  In  the 
Irvine  field  much  of  it  has  been  eroded,  and  what  remains  is  mostly 
sandstone.  Conglomerate  lenses  with  pebbles  from  one-eighth  to  one- 
half  inch  in  diameter  appear  here  and  there,  as  for  example  just 
south  of  Union  Hall,  and  gray  to  black  hard  to  soft  shale  occurs  at 
many  places.  Here  and  there,  as  for  example  at  High  Rock,  there  is 
a  bed  of  coal  as  much  as  2  f '^t  in  thickness. 

The  Pottsville  in  the  Richmond  region,  to  the  west,  is  said  to  be 
naturally  divisible  into  an  upper  and  a  lower  member  of  conglom- 
erate and  a  middle  one  of  shale.  In  the  Irvine  field  sandstone  is  far 
more  abundant  than  conglomerate,  and  the  central  shaly  part  of  the 
formation,  or  what  is  left  of  it,  is  largely  sandstone. 

The  Pottsville  sandstone  differs  from  other  sandstones  of  the  region 
in  being  on  the  whole  more  massively  bedded,  coarser  grained,  more 
commonly  pebbly,  and  more  generally  cross-bedded,  and  in  contain- 
ing coal  seams.  The  black  carbonaceous  Ohio  shale  500  or  600  feet 
below  has  often  been  searched  for  coal  but  always  in  vain. 

STBUGTVBE. 
ACCURACY  OP  STRUCTURE  CONTOURS. 

The  general  structure  of  the  region  is  shown  on  the  sl^etch  map 
(PI.  XIII)  with  a  contour  interval  of  50  feet.  The  contours  are 
based  on  approximate  dips  and  altitudes  of  various  recognizable 
strata,  the  altitudes  being  generally  taken  from  topographic  maps. 
These  maps,  however,  are  of  a  reconnaissance  character  and  have  a 
rather  small  scale  and  a  contour  interval  of  100  feet,  and  therefore 
each  altitude  figure  may  be  50  feet  or  more  in  error.  Nevertheless, 
as  these  errors  are  not  cumulative  and  the  dips  are  considerable,  it 
is  believed  that  Plate  XIII  shows  the  general  slopes  and  wrinkles 
of  the  strata  with  fair  reliability. 
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The  25-foot  contours  shown  on  the  larger-scale  structure  map 
(PI.  XIV,  in  pocket)  also  are  not  p;resuine(l  to  show  accurately 
the  altitude  of  the  stratum  of  MaxviUe  (?)  limestone  on  which  they 
are  drawn,  for  no  level  lines  were  run  to  aid  in  the  delineation, 
but  it  is  believed  that  they  show  the  general  slopes  of  that  limestone 
and  also  of  the  oil  sand  below,  as  the  two  arc^  more  or  less  nearly 
parallel.  Although  the  oil  prospector  may  desire  to  know  the  alti- 
tude of  some  particular  point,  the  general  form  of  the  strata  is 
of  greater  interest  to  him,  for  in  Kentucky,  as  in  many  other 
regions,  oil  is  found  in  areas  where  the  rocks  are  higher  than  they 
are  in  adjacent  territory  in-  at  least  two  directions,  or  where  there 
is  a  more  or  less  sharp  change  m  dip. 

One  possible  source  of  error  in  making  such  a  structure  map  is 
the  fact  that  two  different  cliff-making  strata  may  be  regarded  as 
one  and  the  same  bed.  Different  parts  of  the  Maxville  (!)  limestone 
are  exposed  in  cliffs  at  different  places,  and  here  and  there  the 
overlying  Pottsvilie  sandstone  makes  cliffs  which  at  a  distance  of 
a  mile  or  more  are  in  some  places  difficult  to  distinguish  from  the 
limestone  cliffs.  The  structure  maps  of  this  report  are  believed  to 
contain  no  errors  from  this  source. 

GENERAL  SOUTHEASTWARD  DIP. 

The  dominant  structural  feature  of  the  region  around  the  Irvine 
oU  field  is  the  general  southeastward  dip,  which  averages  about  35 
feet  to  the  mile.  This  dip,  together  with  its  broader  variations,  is 
illustrated  in  Plate  XIII.  It  carries  the  conspicuous  cliff-making 
member  of  the  Maxville  (?)  limestone  from  an  altitude  of  about  1,330 
feet  6  miles  north  of  Irvine  down  to  the  river  channel  at  about  635 
feet  14  miles  southeast  of  Irvine,  2  miles  below  the  mouth  of  Stur- 
geon Creek.  It  carries  the  oil  sand  from  an  altitude  of  630  feet 
above  sea  level  at  the  Irvine  Station  to  about  150  feet  below  sea  level 
in  the  Campton  oil  field,  a  slope  in  an  easterly  direction,  not  directly 
down  the  dip,  of  780  feet  in  24  miles,  or  32i  feet  to  the  mile.  In  the 
Menifee  gas  field  the  sand  has  an  average  altitude  of  400  feet  above 
sea  level,  and  as  Campton,  15  miles  to  the  southeast,  is  almost  directly 
down  the  general  dip,  the  sand  thus  slopes  down  between  these  two 
fields  550  feet  in  15  miles,  or  approximately  37  feet  to  the  mile. 

The  jgeneral  strike  of  the  beds,  or  the  direction  in  which  they  do  not 
vary  in  altitude,  is  evidently  less  than  45°  east  of  north,  for  the 
Irvine,  Menifee,  and  Eagland  fields  lie  almost  along  a  line  trending 
N.  45°  £.,  and  the  altitude  of  the  sand  above  the  sea  decreases  about 
10  feet  to  the  mile  in  that  direction.  From  the  Ragland  field  the 
southward  slope  toward  the  Campton  field  is  about  20  feet  to  the 
mile,  the  total  descent  being  about  440  feet  in  22  miles. 
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In  dificussing  the  structure  of  this  region  Muuu  >  says :  "  From  the 
Menifee  g&s  field  due  east  to  the  wells  on  T<Mns  Run,  5  miles  north  of 
*  J       Paintsville,  in  the  central  part  of  Johnson 

County,  a  distance  of  approximately  &0 
miles,  the  dip  of  the  '  Comiferous '  lime- 
stone is  about  1,400  feet,  or  an  average  of 
about  28  feet  per  mile.**  He  infers  that 
^S  directly  down  the  dip  the  beds  slope  40 
I  S     feet  to  the  mile. 

g  ^  This  general  eastward  dip  was  observed 
J^  as  long  ago  as  1838  by  Mather,*  who  de- 
^  I    scribes  it  as  follows : 

n  2  Ah  the  strata  o(  rock  dips  slightly  to  the 
S  „  east-eoutheaat,  In  ascending  the  K^itnckr  River 
S  I  from  Irvine  to  the  forks  we  pass  la  sHCcesaloD 
"  %  over  the  rocks  that  overlie  each  other  and  which 
a  «  are  seen  In  the  hills  at  Irvine.  At  about  12  or 
a^  14  miles  above  IrWne  we  pass  over  the  slate 
^  g  rock,  which  has  ptanged  below  the  bed  of  tbe 
£  a  river,  altbon^  at  Irvine  It  formed  the  mass  of 
M I  the  hills  for  200  to  400  feet  high.  Limestone 
f  ^  then  succeeds  In  high  cliffs  along  the  banks,  but 
,|  S  this  In  its  tarn  also  sinks  below  the  Btream.  after 
r-5  ascending  to  the  rock  shoals,  abont  3  miles  be^ 
U  &  low  the  month  of  the  Sonth  Pork,  and  d>a- 
g^  appears  from  the  banks  of  the  Kentucky  and 
«•      its  tributaries. 


Si 


The  lay  of  the  rocks  between  Irvine  and 
Campton,  the  lithologic  character  and 
thickness  of  various  formations,  and  the 
general  fonn  and  altitude  of  the  surface 
are  illustrated  in  figure  22. 

A  northeast-southwest  profile  of  the  oil 
sand  is  given  in  figure  23. 

L0CD8T   BRANCH    ANTICLINE. 


]  "        Next  to  the  general  southeastward  dip 

3        the  most  prominent  structural  feature  of 

9       the  region  is  the  gradual  change  in  dip 

I       from  nearly  east  to  nearly  south  in  the 

general   vicinity   of  Locust   Branch  and 

the  point  where  Madison,  Estill,  and  Jackson  counties  meet.    The 

general  structure  southwest  of  Irvine  is  thus  that  of  a  southeastward- 

iMunn,  M.  J.,  V.  8.  Ofol.  Survey  Bull.  631,  p.  19,  1B13. 

■  Uath«r,  W.  W.,  B«port  od  the  B«>lo(lcal  r«mDnaIu>Dce  of  KcDtaefcy  made  In  1^^ 
p.  18,  1S3S. 
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dipping  monocline  modified  by  a  broad  anticline  that  plunges  rather 
steeply  southeast  As  indicated  by  the  contours  in  Plate  XIII, 
the  change  in  direction  of  dip  is  not  smooth  and  gradual  but  irregu- 
lar, and  as  the  map  is  only  a  sketch  map  it  is  probable  that  the 
irregularity  is  much  greater  than  is  shown.  The  change  in  dip  is 
so  irregular  in  detail  that  it  is  made  evident  only  by  considering 
in  a  broad  way  the  structure  of  all  three  counties  and  some  adjoin- 
ing territory.  In  a  district  lying  2  to 
10  miles  west  of  Irvine  the  general  dip  „  ^  p,  5 
is  almost  due  east  and  about  25  feet  to  §  g  ^  8 
the  mile.  In  the  vicinity  of  Combs,  o  ^  a.  g 
Locust  Branch,  and  Alcorn  the  general  ?  g  p» 
dip  is  nearly  southeast  and   about  30   gg.H 


o 

or  35  feet  to  the  mile.  A  few  miles  ^  5  ^  « 
to  the  west  the  general  dip  is  almost  ?  g  •  ^ 
due  south  and  40  or  50  feet  to  the  mile.   *  *  §^  '^ 

d  2.  3   o 

2   S 


0 
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Farther   west,   aroimd   Berea,   the   dip  |  &  & 

is  irregular  but  averages  nearly  south  ^^^  ^ 

and  about  30  feet  to  the  mile.    A  north-  2  ?  "^  « 

east-southwest  section   through  Locust  g.  |t  ®  | 

Branch  would  therefore  show  that  the  ©  s  5  5 

beds  have  a  general  but  irregular  slope  gf  ?  J 

in  each  direction,  though  the  greatest  ^  ■  h  §" 


slope    or    true    general    dip    would    be  "  ^  *  §:  I 
shown  by  sections  running  from  Locust  §  g  3  2.  '"*' 
Branch  about  east-southeast  and  south- 
southeast. 
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The  general  eastward  dip  of  the 
northeast  flaiik  of,  the  Locust  Branch 
anticline,  for  a  distance  of  30  miles 
north  of  its  axis,  is  not  at  all  regular 
but  swings  toward  the  north  and  south 
and  in  some  places  is  almost  completely 
reversed  or  in  some  westerly  direction.  (See  PI.  XIV,  in  pocket.) 
In  particular  along  a  line  extending  10  miles  south  and  20  miles 
north  of  Irvine  the  average  dip  is  a  little  south  of  east,  but  this 
dip  is  modified  by  three  prominent  features  and  many  smaller 
ones.  The  larger  features  are  an  asymmetric  anticline,  the  axis  of 
which  trends  northeast  from  Irvine;  a  fault  zone  from  half  a  mile 
to  1^  miles  wide  parallel  to  the  axis  of  the  anticline  and  a  mile 

69812°— Bull.  661—18 12 
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or  two  to  the  •northwest  of  it;  and  a  broad,  shallow  sjmcline  under 
Clay  City.  For  the  first  two  the  names  Irvine  anticline  and  Irvine 
fault  zone  seem  appropriate,  and  for  the  third  the  name  Stanton 
syncline  or  basin.  Several  secondary  features  are  also  worthy  of 
mention,  though  the  exact  form  an^  extent  of  none  of  them  have 
been  determined. 

IRVINE  ANTICLINE. 

Although  Munn  made  no  survey  of  the  country  around  Irvine,  he 
suspected  the  existence  of  an  anticline  running  east  from  that  place, 
as  indicated  by  the  following  statement,^  made  before  the  present 
Irvine  oil  field  was  discovered: 

The  Irvine  [Ravenna]  and  Campton  fields  are  probably  on  the  same  anti- 
cline, which  may  prove  to  be  the  westward  extension  of  a  fairly  definite  anti- 
cline observed  at  a  number  of  places  in  Morgan  County.  If  careful  geologic 
work  in  this  area  should  show  this  to  be  a  fact,  there  is  a  strong  possibility 
that  some  of  the  territory  along  the  axis  of  this  fold  between  the  Irvine  and 
Campton  fields  will  furnish  small  though  valuable  fields  of  oil  or  gas. 

The  axis  of  the  Irvine  anticline  seems  to  trend  almost  due  north- 
east through  the  downtown  portion  of  Irvine,  but  2  or  3  miles  to  the 
northeast  it  curves  gradually  to  a  course  nearly  east.  It  crosses  the 
headwaters  of  Campbell  Fork  and  continues  across  the  central  por- 
tion of  Tick  Fork.  Thence,  curving  slightly,  it  crosses  the  divide 
between  Cottage  Fork  and  Rockhouse  Fork,  near  their  headwaters. 
Up  to  this  point  the  difference  in  altitude  of  beds  on  the  crest  and 
the  same  beds  at  the  border  of  the  fault  zone  on  the  northwest  is 
only  20  or  30  feet,  but  from  this  point  eastward  the  height  of  the 
anticline  seems  to  increase  to  about  50  feet,  measured  on  the  north 
flank,  and  the  decline  on  the  south  flank  north  of  Fitchburg  Fur- 
nace seems  to  be  more  than  200  feet  The  height  of  the  crest  above 
sea  level  also  increases  toward  the  east,  although  the  regional  dip 
is  in  that  direction. 

The  top  of  the  cliff-making  St.  Louis  (?)  limestone,  which  is  rep- 
resented by  contours  on  the  map  (PI.  XIV),  is  1,200  to  1,250  feet 
above  sea  level  at  Irvine,  about  1,150  feet  3  to  5  miles  to  the  north- 
east, and  1,300  feet  in  the  vicinity  of  Estill  Furnace,  though  its 
highest  point  is  somewhat  west  of  that  place.  In  the  next  10  miles 
to  the  east  the  anticline  seems  to  broaden  and  gradually  disappear. 
The  northwest  limb  seems  to  be  short  and  rather  steep;  the  south- 
east limb  long  and  somewhat  irregular,  sloping  from  25  to  100  feet 
to  the  mile  and  gradually  merging  into  a  general  southeast  dip. 

1  Munn.  M.  J.,  The  Menifee  gaa  field  and  the  Bagland  oU  field,  Ky. :  U.  8.  Oeol.  Sarrey 
Bull.  631,  pp.  2&>2e,  1913. 
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These  features  are  conspicuous  in  and  near  Irvine.  At  Wagers 
station,  3  miles  southeast  of  Irvine,  the  top  of  the  Ohio  shale  is 
about  at  track  level.  To  the  southeast  it  has  a  medium  dip,  but  to 
the  northwest  it  rises  gently  for  three-fourths  of  a  mile  to  the 
mouth  of  Cow  Creek,  where  it  is  about  15  feet  above  track  level,  or 
650  feet  above  the  sea.  From  this  point  northwestward  it  rises  to 
a  position  of  800  feet  above  the  sea  near  the  downtown  portion  of 
Irvine  and  then  declines  to  somewhat  less  than  700  feet  at  the 
schoolhouse  on  Sweet  Lick  Branch. 

IRVINE  FAULT  ZONE. 

A  curious  fault  zone  borders  the  crest  of  the  Irvine  anticline 
on  the  northwest.  On  the  whole,  the  eflfect  of  the  faulting  is  to 
drop  a  block  of  the  earth's  crust,  from  half  a  mile  to  2  miles  wide 
and  probably  more  than  20  miles  long,  25  to  200  feet. 

The  faulting  was  apparently  first  noticed  by  Lesley  *  in  1858. 
He  found  a  fault  just  northwest  of  Estill  Furnace  and  concluded 
that  it  had  a  throw  of  160  feet.  Former  State  Geologist  C.  J. 
Norwood,  Prof.  A.  M.  Miller,  State  Geologist  J.  B.  Hoeing,  and 
others  have  made  observations  at  many  places  along  its  course. 
Gardner'  places  it  on  a  long  line  of  disturbance  extending  from 
the  Ozarks  to  north-central  Pennsylvania. 

Along  the  north  border  of  the  Irvine  oil  field  the  fault  zone  is 
conspicuous  at  several  places,  though  between  these  places  are 
stretches  through  which  it  has  not  been  traced  continuously. 

The  persistent  and  almost  unique  character  of  the  "  Cornif erous  " 
limestone  or  oil  sand  makes  faulting  and  other  structural  features 
along  its  outcrop  easy  to  discern.  Southeast  of  the  Irvine  station 
this  formation  is  below  track  level  and  dips  rather  steeply  to  the 
southeast.  To  the  northwest  it  rises  irregularly  and  with  slight 
faulting  here  and  there  (see  PL  XV,  C),  but  on  the  whole  the 
rise  is  gentle  to  and  a  little  beyond  the  courthouse,  where  the  lime- 
stone is  30  or  40  feet  above  the  track.  In  the  next  half  mile  or 
so  along  the  railway  the  limestone  declines,  with  several  faults  of 
5  to  15  feet  throw,  to  a  position  only  about  5  feet  above  the  rail- 
way near  the  main  wagon-road  crossing.  Here  there  is  a  much 
greater  fault,  having  a  downthrow  on  the  north  of  perhaps  100  feet. 
In  the  next  half  mile  the  central  part  of  the  black  shale  crops  out 
almost  continuously  at  track  level.  A  few  hundred  feet  southeast 
of  the  mouth  of  Whiteoak  Creek  the  limestone  is  thrown  up  again 

*  Lesley,  Joseph,  Topographical  and  geological  report  made  during  the  years  1858-59: 
Kentucky  Geol.  Survey  Fourth  Rept.,  pp.  469-470,  1861. 

'Gurdner,  J.  H.,  A  stratlgraphic  disturbance  through  the  Ohio  Valley  running  from 
the  Appalachian  Plateau  In  Pennsylvania  to  the  Osark  Mountains  In  Missouri :  Geol.  Soc. 
America  Bull.,  vol.  26,  pp.  477-488,  1915. 
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above  track  level,  and  thence  it  rises  to  the  northwest  about  100 
feet  in  a  quarter  of  a  mile. 

This  steep  rise  is  conspicuous  also  a  mile  to  the  northeast  along 
the  road  north  of  the  Estill  Springs  Hotel.  Here  the  northward 
rise  is  shown  by  comparing  a  roadside  exposure  of  an  inclined  bed 
of  limestone  at  an  altitude  of  less  than  650  feet  and  exposures  of 
the  same  bed  on  hillsides  a  mile  to  the  north  and  northwest,  where 
the  bed  is  about  700  feet  above  the  sea.  Two  miles  still  farther 
north-northwest  the  bed  lies  at  about  640  feet. 

Another  place  where  the  fault  zone  and  associated  deformation 
are  conspicuous  is  in  the  upper  end  of  the  valley  of  Tick  Fork. 
From  a  point  about  2  miles  southwest  of  Union  Hall  a  view  to 
the  southeast  shows  the  St.  Louis  (?)  limestone  much  lower  on 
the  southeast  side  of  this  narrow  valley  than  on  the  northwest. 

A  good  view  of  the  fault  zone  is  also  to  be  had  from  the  oppo- 
site or  south  side  of  it  2  miles  west-southwest  of  Estill  Furnace. 
Here  the  observer  may  stand  on  the  cliff-making  limestone  and, 
looking  northwest,  see  two  ridges  in  which  the  limestone  is  more 
than  100  feet  below  his  position,  but  2  or  3  miles  to  the  northwest 
it  is  as  high  as  on  the  south  side  of  the  fault  zone. 

The  displacement  is  striking  a;lso  on  the  road  leading  north  from 
Estill  Furnace  and  3  or  4  miles  farther  east,  on  the  south  side  of 
High  Rock.  According  to  Prof.  A.  M.  Miller,^  it  is  well  shown  3 
miles  east-southeast  of  High  Eock,  or  just  below  the  mouth  of  Barker 
Branch,  and  also  3  miles  east  of  this  point,  near  Glen  Cairn.  Prof. 
Miller  calls  the  fault  on  the  south  side  of  the  zone  at  Irvine  the 
Sweet  Lick  fault  and  that  on  the  north  side  the  Estill  Springs  fault 
the  one  immediately  north  of  Estill  Furnace  the  Estill  Furnace  fault, 
and  the  one  at  Glen  Cairn  the  Glen  Cairn  fault. 

The  Irvine  fault  zone  is  nearly  parallel  to  the  axis  of  the  Irvine 
anticline,  and  for  most  of  their  courses  they  are  close  together.  The 
fault  zone  runs  northeast  from  Irvine,  curves  gradually  to  an  east 
or  slightly  north  of  east  course  from  Estill  Furnace  to  High  Rock, 
and  then,  according  to  Prof.  Miller,  bends  slightly  south  of  east,  and 
at  Glen  Cairn  resumes  an  eastward  course. 

*  Apparently  the  zone  includes  two  major  faults,  with  numerous 
minor  faults  on  each  side.  Some  of  the  minor  faults  are  parallel  to 
the  principal  ones,  and  some  make  various  angles  with  them.  South- 
east of  Union  Hall  and  along  the  lower  course  of  Sweet  Lick  Branch 
there  is  some  evidence  of  a  fault  crossing  the  zone  diagonally. 

Within  the  fault  zone  the  beds  are  generally  not  far  from  hori- 
zontal. On  the  whole  they  seem  to  have  a  synclinal  structure,  the 
middle  being  lower  than  the  sides.     In  some  places,  however,  as  for 
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example  from  IJ  to  2  miles  above  the  mouth  of  Sweet  Lick  Branch, 
there  ate  rather  strong  dips.  Here  along  the  bed  of  the  creek  the 
black  shale  dips  'from  10°  to  20®  in  a  direction  somewhat  west  of 
north.  This  strong  dip  seems  to  indicate  a  monocline,  which  re- 
places the  fault  in  part  of  its  course.  In  an  unsuccessful  test  at  the 
schoolhouse  on  Sweet  Lick  Branch  near  the  base  of  the  monocline, 
the  top  of  the  sand  was  found  at  148  feet  below  the  surface  and  the 
bottom  at  178  feet.  Outcrops  aiid  logs  of  wells  to  the  south  show 
that  the  strata  rise  in  that  direction  apparently  without  faulting. 

STANTON   SYNCMNE. 

Although  little  was  determined  regarding  the  exact  position,  form, 
and  extent  of  the  Stanton  syncline,  the  evidence  that  was  gathered 
indicates  its  existence  beyond  question.  This  evidence  consists 
largely  in  scattered  observations  on  the  geographic  position  and 
altitude  of  outcropping  beds.  In  his  report  on  the  Menifee  and 
Kagland  fields  M unn  *  expresses  the  belief  that  such  a  syncline  exists, 
saying :  "  The  general  dip  toward  the  southeast  in  the  Menifee,  if 
continued  to  Campton,  would  bring  this  limestone  to  a  depth  several 
hundred  feet  below  that  at  which  it  is  found." 

Apparently  this  syncline  plunges  to  the  east  and  is  terminated 
on  the  west  by  a  north-south  anticline  or  terrace,  8  to  10  miles  west 
of  Stanton. 

MINOR  STRUCTURAL  FEATURES. 

Slight  anticlinal  structure  seems  to  be  generally  developed  along 
the  northwest  side  of  the  Irvine  fault  zone.  The  anticline  is  highest 
2  or  3  miles  northwest  of  Irvine,  where  it  is  well  displayed  by  the 
outcrop  of  the  "  Comif erous "  limestone  and  in  part  by  the  lower- 
lying  Waco  limestone  of  Foerste. 

From  a  point  3  or  4  miles  north  of  Irvine  a  syncline  seems  to  ex- 
tend westward  2  or  8  miles  and  then  northwlard.  This  svncline  is 
apparently  bordered  on  the  northeast  by  an  irregular  anticline  50 
to  100  feet  in  height,  which  trends  northwest  from  Union  Hall  for 
5  or  6  miles  and  thence  north  along  the  upper  end  of  the  Stanton 
syncline. 

Southeast  of  Union  Hall  and  on  the  opposite  side  of  the  Irvine 
fault  zone  and  anticline  there  seem  to  be  two  cross  anticlines  which 
converge  toward  the  one  just  referred  to.  Indeed,  if  no  great  error 
has  been  made  in  their  delineation,  the  three  may  be  regarded  as  con- 
stituting a  major  structural  feature  crossing  the  Irvine  anticline  at 
right  angles. 

1  Munn,  M.  J.,  U.  8.  Geol.  Survey  BuU.  581,  p.  14,  1913. 
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There  seems  to  be  a  small  asymmetric  dome  2  miles  north-north- 
west of  High  Rock  or  4  miles  south-southwest  of  Filson. 

A  terrace  from  2  to  3  miles  wide  apparently  extends  south-south- 
west 10  miles  from  the  mouth  of  Cottage  Fork  to  the  mouth  of  JcHies 
Branch. 

GONVEROENCB. 

The  structure  map  (PL  XIV,  in  pocket)  falls  short  of  showing  the 
attitude  of  the  oil  sand,  not  only  because  of  the  reconnaissance  nature 
of  the  survey  but  also  because  it  represents,  as  nearly  as  possible  at 
the  present  time,  the  structure  of  a  bed  lying  several  hundred  feet 
above  the  oil  sand,  and  the  two  beds  are  not  parallel.  The  principal 
departure  from  parallelism  is  due  to  a  general  westward  thinning  of 
many  of  the  formations,  as  noted  on  page  150  and  shown  in  figure  22 
(p.  168) .  The  precise  nature  of  the  westward  convergence  of  the  beds 
is  not  known,  but  apparently  the  distance  between  the  top  of  the  St. 
Louis  ( ?)  limestone  and  the  "  Comiferous  "  limestone  in  the  Campton 
field  is  fully  750  feet,  whereas  at  Irvine,  25  miles  to  the  west,  it  is 
only  530  feet. 

The  broader  structural  features  of  the  oil  sand,  however,  are  be- 
lieved to  be  similar  to  those  of  the  St.  Louis  ( ?)  limestone  as  repre- 
sented on  the  map.  The  principal  difference  is  that  all  the  eastward 
dips  of  the  oil  sand  are  a  little  greater  and  all  the  westward  dips 
more  gentle. 

JOINTS. 

Joints  are  prominent  in  this  region,  particularly  in  the  Ohio  shale 
and  the  St.  Louis(?)  limestone.  In  softer  and  more  plastic  beds, 
such  as  most  of  those  composing  the  "Waverly,"  the  joints  are 
obscure  or  lacking. 

Observations  on  joints  are  of  interest  in  connection  with  the  study 
of  an  oil  pool,  principally  because  joints  may  form  channels  for  oil 
and  gas  migration  and  because  they  may  throw  some  light  on  the 
forces  that  warped  the  rocks  and  produced  the  structural  features 
in  which  the  oil  is  found. 

In  the  Irvine  oil  field  most  of  the  joints  trend  between  north  and 
east.  Very  few  trending  between  east  and  south  were  noticed.  Most 
of  them  are  nearly  vertical,  but  a  few  depart  30°  to  60°  from  ver- 
ticality. 

OIL  AND  GAS. 


CHABACTEB  OP  THS  "  PAY. 


9> 


The  "  pay,"  or  oil-bearing  portion  of  the  oil  "  sand,''  differs  from 
the  remainder  of  the  limestone  or  dolomite  in  having  larger  pores 
and  in  being  softer  or  less  indurated.    In  places  it  is  reported  to  be 
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cavernous.  As  this  character  is  a  product  of  recrystallization,  it  dif- 
fers from  similar  features  found  in  true  sandstones  in  that  it  does 
not  follow  the  bedding  and  is  extremely  irregular  in  development. 
After  penetrating  the  soft,  more  or  less  sticky  clay  shale  that  overlies 
the  oil  sand  the  drill  commonly  enters  a  rather  hard  limestone  or  cap 
rocky  which  here  and  there  yields  water  and  which  ranges  from  a  few 
inches  to  several  feet  in  thickness.  Below  this  rock  is  the  soft  brown 
sandy-textured  magnesian  limestone  which  constitutes  the  oil  reser- 
voir. In  the  eastern  part  of  the  field,  where  the  whole  "sand"  is 
thicker,  oil-bearing  strata  are  said  to  be  found  at  more  than  one 
horizon. 

The  average  thicioiess  of  the  "  pay  "  is  difficult  to  estimate,  be- 
cause of  its  great  irregularity  and  the  fact  that  to  avoid  penetrating 
water-bearing  rock  many  wells  have  not  been  deepened  to  the  bot- 
tom of  the  "pay."  The  average  thickness  of  "sand"  penetrated, 
including  both  the  oil-bearing  portion  and  the  overljring  water- 
bearing or  apparently  dry  rock,  is  probably  between  20  and  25  feet. 
On  the  Isaac  Henry  tract,  at  the  west  end  of  the  field,  the  bottoms  of 
the  wells  are  said  to  be  about  20  feet  below  the  top  of  the  "  sand," 
and  on  the  Bud  Rawlins  tract,  near  by,  16  to  30  feet.  On  the  A.  M. 
Pasley  farm,  in  the  central  part  of  the  field,  the  bottoms  of  several 
wells  are  said  to  be  16, 26,  35,  23,  28, 19,  26,  23,  23,  and  22  feet  below 
the  top  of  the  "sand."  Well  No.  4  on  this. farm  was  carried  to  a 
depth  of  80  feet  below  the  top  of  the  "sand"  because  of  the  poor 
showing  of  oil.  These  figures  seem  to  be  fairly  representative  of  the 
field.  Some  wells  have  been  extended  30  feet  or  more  below  the  top 
of  the  "  sand  "  and  a  few  less  than  15  feiet.  On  the  whole  the  "  pay  " 
is  said  to  be  farther  below  the  top  of  the  limestone  in  the  eastern 
part  of  the  field  than  in  the  western  part,  some  wells  penetrating  25 
or  30  feet  of  the  formation  before  oil  in  paying  quantities  is  found. 

OAS. 

More  or  less  gas  has  been  found  in  a  good  many  wells  in  the  Irvine 
oil  field,  particularly  along  the  northern  border.  A  gas  well  about 
3  miles  west-southwest  of  Estill  Furnace  yielded  no  oil  in  the  first 
week  of  its  history,  which  ended  at  the  time  field  work  for  this  report 
was  completed.  It  was  allowed  to  blow  off  gas  in  the  hope  that  oil 
would  appear  in  the  well  in  a  short  time.  To  judge  by  the  sound 
of  rushing  gas  in  the  casing,  which  is  6  inches  in  diameter,  the  well 
was  producing  100,000  cubic  feet  or  more  of  gas  daily.  It  would 
not  be  surprising  if  enough  gas  were  found  in  the  vicinity  of  Estill 
Furnace  to  be  worth  marketing,  for  the  Irvine  anticline  seems  to  be 
higher  and  sharper  there  than  to  the  east  or  west. 

To  allow  a  well  in  an  oil  field  to  blow  off  gas  is  wasteful  of  gas 
and  reduces  the  pressure  and  the  ultimate  yield  of  oil,  but  under 
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present  customs  to  close  such  a  well  imposes  a  hardship  upon  the 
owner  without  due  recompense.  Many  such  wells  produce  oil  and 
become  valuable  assets  after  blowing  off  gas  for  a  while.  In  the 
later  part  of  the  life  of  an  oil  field  air  might  be  pumped  into  some 
wells  to  take  the  place  of  gas  in  making  the  oil  extraction  more 
complete. 

Most  of  the  wells  in  the  Irvine  field  yield  little  or  no  gas. 

WATJSR. 

Salt  water  is  probably  present  in  the  lower  part  of  the  oil  sand 
throughout  much  of  the  field,  particularly  the  southern  half,  and 
many  wells  just  outside  the  field  have  yielded  considerable  quan- 
tities of  water.  Along  the  northern  border,  however,  wells  that  fail 
to  produce  oil  are  commonly  reported  altogether  dry.  For  example, 
a  well  at  the  schoolhouse  2^  miles  above  the  mouth  of  Sweet  Lick 
Branch  is  reported  to  have  yielded  nothing  at  all.  This  well  was 
on  the  north  side  of  the  fault  and  sharp  monocline  which  borders 
the  field  on  the  north,  though  the  difference  in  altitude  between  the 
oil  sand  here  and  at  a  producing  well  one-eighth  of  a  mile  to  the 
southeast  is  not  much  over  40  feet.  A  fault  of  30-foot  throw  would 
probably  be  sufficient  to  seal  off  the  oil-bearing  sand  from  the  same 
bed  on  the  opposite  side  of  the  fault,  for  the  oil  sand  is  scarcely 
30  feet  thick  in  this  part  of  the  field,  and  immediately  above  and 
below  it  are  beds  of  relatively  impervious  clay  shale  of  similar  or 
greater  tMckness. 

A  pervious  rock  that  is  |>enetrated  in  a  well  and  fails  to  yield 
water,  oil,  or  gas  is  commonly  said  to  be  dry,  but  such  a  bed  may  con- 
tain much  water.  If  the  bed  is  lens-shaped  and  surrounded  by  im- 
pervious clay,  so  that  no  water  can  enter  it  to  take  the  place  of  any 
that  would  otherwise  flow  out  into  the  well,  it  may  seem  to  be  dry  or 
it  may  yield  its  water  very  slowly.  On  the  other  hand,  if  the  bed  is 
not  far  below  the  surface  it  may  be  above  the  level  of  ground  water 
and  thus  be  really  dry  or  rather  have  its  pores  filled  with  air  and 
a  very  little  water  instead  of  almost  nothing  but  water.  In  some 
places  an  essentially  dry  sandstone  may  lie  between  two  beds  that 
contain  water,  the  upper  water-bearing  bed  being  due  to  perched 
ground  water — ^that  is,  water  whose  natural  downward  movement 
is  prevented  or  checked  by  an  impervious  layer.  It  seems  probable 
that  many  if  not  all  the  deep-lying  so-called  dry  sands  in  the  Irvine 
field  really  contain  much  water,  but  either  they  are  so  sealed  in  that 
they  can  not  give  up  their  water  or  else  they  have  a  good  outlet  at 
a  lower  altitude  and  the  hydraulic  head  of  the  water  forces  it  to  flow  . 
down  the  sand  layer  to  this  outlet  instead  of  out  into  the  well.  Con- 
ditions are  easily  imagined  under  which  a  sand  that  is  actually  quite 
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full  of  water,  if  the  water  is  in  motion,  may  take  up  water  that  is 
poured  into  a  well  for  drilling. 

Thus  the  failure  of  a  well  to  yield  water  does  not  prove  that  the 
sand  contains  little  or  none,  or  even  that  it  is  not  saturated,  for  if  a 
layer  or  mass  of  porous  rock  within  the  earth  is  saturated  with  water 
but  sealed  off  from  other  layers  containing  water,  oil,  or  gas  which 
can  flow  in  to  take  its  place  its  water  would  probably  not  flow  out 
into  a  well.  It  is  conceivable  that  if  the  well  penetrates  a  great  thick- 
ness of  the  porous  bed  air  might  flow  from  the  well  into  the  upper 
part  of  the  bed  while  water  flaws  out  from  the  lower  part,  but  the 
process  would  be  slow  because  of  the  very  low  differential  pressure. 

The  composition  of  the  water  associated  with  the  oil  at  Irvine  is 
unknown,  except  that  it  contains  much  sodium  chloride  or  common 
salt.  The  water  in  the  noted  mineral  springs  at  Irvine  may  come 
from  the  limestone  that  constitutes  the  oil  sand,  but  it  is  certainly 
very  different  in  quality  from  the  salt  water  of  this  and  other  oil 
fields.  Perhaps  this  difference  is  due  to  a  fault  between  the  springs 
and  the  oil-producing  area  and  some  circulation  in  the  water  of  the 
limestone  in  the  vicinity  of  the  ^rings.  The  facts  that  mineral 
{springs,  particularly  sulphur  springs,  are  fairly  common  along  the 
outcrop  of  the  basal  portion  of  the  Ohio  shale  in  Kentucky  and  Ohio 
and  that  the  shale  is  relatively  impervious,  marcasitic,  and  commonly 
jointed  seem  to  indicate  that  the  spring  water  generally  comes  from 
the  underlying  limestone  through  a  fissure  in  the  shale,  probably  on 
the  whole«traveling  far  and  at  a  comparatively  slow  rate,  and  that 
it  gets  some  of  its  mineral  matter  from  the  limestone  and  some  from 
the  shale.  The  nature  of  possible  oil -sand  water  from  springs  in  the 
fault  zone  is  indicated  in  analyses  made  by  Peter,^  who  comments 
upon  them  as  follows: 

The  carbonates  of  lime,  magnesia,  and  iron  are  held  in  solution  by  the  free 
carl)onlc  acid ;  or,  in  other  words,  exist  in  the  waters  as  bicarbonates.  The  soda 
is  also  in  the  form  of  bicarbonate,  which  salt  is  not  incompatible  with  the 
sulphate  of  magnesia  present  in  the  same  water. 

The  chalybeate  water  owes  its  name  and  peculiar  virtues  to  its  bicarbonate 
of  iron,  of  which  the  red  sulphur  water,  most  distant  from  the  house,  contains 
traces  (as  doubtless  the  other  also),  and  the  "black  sulphur"  even  more  than 
the  chalybeate '(as  tested  at  the  laboratory).  The  latter  contains  a  small 
portion  of  sulphate  of  alumina  (alum).  The  change  of  the  dissolved  bicarbo- 
nate of  protoxide  of  iron  to  insoluble  hydrated  peroxide  of  iron,  which  always 
takes  place  when  these  waters  are  exposed  to  the  air,  is  the  cause  of  the  forma- 
tion of  the  brownish  deposit  and  their  loss  of  virtues  when  they  are  carried 
any  distance  from  the  sjprlng. 

^ • ■ I  _ I  M 

^  Peter.  Robert,  A  sommary  of  the  chemical  analyses  of  ores,  rocks,  soils,  clays,  marls, 
^^on  furnace  products,  mineral  waters,  etc.»  of  Kentucky :  Kentucky  Geol.  Survey  Fourth 
Kept.,  for  186S-«0,  p.  143,  1861. 
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It  should  be  borne  in  mind  that  the  water  may  come  up  from  a 
lower  rock,  along  a  fault  or  joint,  but  the  facts  that  the  salinity  of 
the  spring  water  is  low  compared  with  that  of  oil-field  water  in  gen- 
eral, that  in  this  region  all  the  deeper  wells  find  strong  salt  water, 
that  the  oil  ''sand'''  is  underlain  by  relatively  soft  shale  such  as 
would  be  likely  to  seal  up  any  fissure,  and  finally  that  springs  of  this 
sort  are  common  near  the  outcrop  of  the  V  Corniferous "  limestone 
and  the  basal  part  of  the  Ohio  shale  make  it  seem  probable  that  the 
water  really  comes  from  the  oil  sand.  Perhaps  the  fact  that  in  all 
such  springs  the  flow  is  copious  is  a  further  indication  that  the  water 
does  not  come  from  a  deep-seated  source. 

Some  of  the  analyses  are  quoted  by  Chase  Palmer  *  in  a  modified 
form,  with  further  comment. 

The  red  sulphur  water  deposits  ferric  hydrate,  the  color  of  which  has  given 
the  name  to  the  water.  Black  ferrous  sulphide  Is  deposited  from  the  blaelw 
sulphur  water,  and  from  the  white  sulphur  water  a  white  deposit  of  sulphur 
is  formed. 


Composition  of  Estill  Springs  ioaters.^  ' 
[Parts  per  milUoii.b    Analyst; Dr.  Robert  Peter.] 


SUieaCSlOi) 

IroD(Fe) 

Aluminam  (AI) 

Calcium  (Ca) 

ICagnesiam  (Kg) 

Sodium  (Na). 

Potassium  (K) 

Carbonate  radicle  (COt) 

Sulphate  radicle  (SO4) 

Phosphate  radicle  (PO4) . . . . 

Chloittte(Cl) 

Organic  and  volatile  matter. 


Free  carbon  dioxide  (COi). . . . 
Free  hydrogen  sulphide  (HsS) . 


Red 

sulphur. 


6.8 


81 
28 
99 
42 
197 
176 


5 
40 


White 
sulphur. 


4.0 


8.5 

121 

25 

52 

S2 

24 

152 

Trace. 

5.5 

SO 


Black 
•ulphor. 


13 

48 

3.6 

45 

.11 

26 

7,6 

108 

67 


22 
59 


715 

696 

325 

360 

4.6 

3 

410 

2S3 

85 


Chalyb- 


32 
15 


148 

47 

7.4 

4.9 

72 

350 


5.5 
141 


896 

209 

0 


a  Kentucky  Geol.  Survey  Fourth  Rent.,  for  1858-69,  p.  143, 1861. 

b  Obtained  by  computation  to  ionic  form;  results  (niginally  stated  in  hypothetical  combinations. 

Salt  water  in  the  vicinity  of  the  Irvine  field  has  been  known  at 
least  as  long  as  60  years.  Owen  '  says :  "  Borings  for  salt  have  been 
made  on  Millers  Creek  a  few  miles  above  its  mouth  and  some  salt 
water  obtained." 

In  another  report*  Owen  makes  the  general  statement:  "In  the 

-scConaUFTTTOTe  ancient  of  these  sandstones  (Potsdam  or  Cambrian?) 

the  water  is  also  generally  impregnated  with  salt,  to  the  extent  of 

^Palmer,  Chase,  Quality  of  the  nnderj^ronnd  waters  in  the  Bine  Grass  region,  Ky. : 
U.  S.  Geol.  Survey  Water- Supply  Paper  233,  p.  206,  1909. 

•  Owen,  D.  D.,  Kentucky  Geol.  Survey  Third  Rept.,  for  1856-57,  p.  140,  1857.  . 
>  Owen,  D.  D.,  Kentucky  Geol.  Survey  Fourth  Rept.,  for  1858-59,  p.  28,  1861. 
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..rf  in  a  wine  gallon — ^mixed,  however,  with  a  variety 

^iiid  mineral  substances." 

-•  ■  [ion  of  oil-field  waters  is  of  importance  in  petroleum 

-se  it  promisee  aid  in  understanding  the  origin,  the 

.  and  perhaps  the  quality  of  the  oil.    Oil-field  waters 

is  ocean  water;  many  of  the  strata  of  oil  fields  were 

the  ocean,  and  the  eug^iestion  thus  arises  that  the  oil- 

s,  so  to  speak,  fossil  sea  water,  or  as  Lane  *  has  called 

water — water  of  the  ancient  ocean  in  which  the  strata 

'I.    If  so,  there  h^  been  little  or  no  free  circulation  of 

ii>  rocks  containing  the  salt  water  and  oil  in  all  the  long 

1  geologic  time,  and  the  oil  waa  formed  not  far  from  its 

ni-^ition.    On  the  other  hand,  accurate  chemical  analyses 

It  the  oil-field  waters  differ  more  or  less  from  present  ocean 

<jj<l  presumably  from  the  ocean  water  of  the  distant  past, 

i-ir  one  thing,  more  concentrated.     Whether  these  differences 

■  ibiibly  been  produced  underground  so  that  the  oil-field  water 

hat  modified  fossil  sea  water  or  whether  the  oil-field  water 

1  !i  different  source  is  a  matter  of  discus^on.     If  it  came  from 

"  far  within  the  earth,  perhaps  the  oil  also  came  from  great 

The  available  evidence  seems  to  indicate  that  neither  the 

nor  the  oil  had  a  deep-seated  source. 

often  suggested  that  salt  water  exerts  s<«ne  kind  of  a  pickling 
'  on  the  ranains  of  organisms  that  become  buried  in  the  sedi- 
'•N  which  now  constitut«  the  strata  of  rock,  and  that  the  product 

iisands  or  millions  of  years,  under  the  conditions  existing  in 

ire's  underground  laboratory,  is  petroleum  and  gas.     This  hy- 
.M\sis  seems  rather  doubtful,  but  the  salts  dissolved  in  the  water, 
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The  next  most  promising  territory  appears  to  be  the  Locust  Branch 
anticline,  the  exact  form  of  which  has  not  been  determined,  and  the 
third  is  the  anticline  on  the  north  side  of  the  Irvine  fault  zone. 
The  attractiveness  of  this  third  anticline  is  enhanced  by  the  tradi- 
tion that  a  gas  and  oil  well  was  drilled  on  it  over  half  a  century  ago. 
The  best  part  of  it  seems  to  be  that  lying  a  few  miles  a  little  north  of 
west  of  "  The  Furnace."  To  be  sure,  several  unsuccessful  tests  have 
been  made  in  apparently  favorable  situations  in  this  area,  but  that 
does  not  prove  that  in  other  favorable  situations  oil  and  gas  may  not 
be  found. 

On  account  of  the  fact  that  the  oil-bearing  rock  lies  comparatively 
near  the  surface,  the  structural  relations  of  the  oil  pools  near  its 
outcrop  may  be  somewhat  different  from  those  where  it  is  far  under- 
ground. If,  as  the  writer  is  inclined  to  believe,  most  of  the  reported 
deep,  dry  sands  are  only  apparently  dry,  oil  pools  may  be  more  likely 
to  occur  on  anticlines  in  them  than  in  shallow  sands,  which  really  are 
partly  or  altogether  dry. 

The  structure  map  (PL  XIV,  in  pocket)  shows  certain  minor  un- 
tested structural  features'  that  may  contain  oil.  One  of  these  is 
2  to  3  miles  northwest  of  High  Rock.  Another  is  near  the  head  of 
Laurel  Rock.  These  suggestions  are  made  with  a  large  element  of 
doubt  because  of  the  reconnaissance  nature  of  the  survey  and  the 
fact  that  the  features  are  small,  whereas  in  other  regions  many  pools 
do  not  conform  to  even  the  larger  structural  features. 

StmPACE  INDICATIONS  OF  OIL  AND  GAS  ABOITND  IBVINE. 

In  order  to  reduce  the  cost  of  searching  for  new  pools  it  is  highly 
important  to  learn  what  indications  of  petroleum  existed  at  the  sur- 
face in  each  field  before  petroleum  was  discovered.  In  the  vicinity 
of  Irvine  the  most  significant  features  observable  at  the  surface 
seem  to  have  been  the  anticline,  gas  and  salt  water  in  water  wells, 
carbonaceous  rock,  and  the  free  bitumen  found  in  a  few  places.  As 
the  anticline  occurs  in  a  region  where  the  rocks  are  suitable  for  the 
formation  of  oil  and  its  accumulation  into  pools  it  may  be  said  to 
have  been  by  far  the  most  promising  feature,  and  had  it  been  dis- 
covered and  mapped,  and  had  the  map  been  used,  prospecting  could 
have  been  carried  on  with  a  much  better  knowledge  of  the  chances  of 
finding  oil.  The  development  of  the  field  would  also  have  been  more 
rapid  and  less  costly  if  the  facts  concerning  the  structure  had  been 
fully  known  and  used;  but,  on  the  other  hand,  most  pools  do  not 
conform  closely  to  the  structure,  and  hence  sooner  or  later,  whether 
or  not  geologic  data  are  used,  the  unpromising  spots  will  be  tested. 

Gas  and  salt  water  are  said  to  have  been  found  in  some  water 
'^ells — for  example,  those  referred  to  on  page  141,  and  such  occur- 
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rences  appear  to  be  much  more  common  in  oil  fields  than  elsewhere. 
They  seem  to  indicate  a  lack  of  free  circulation  of  ground  water — a 
condition  favorable  to  the  retention  of  oil  and  gas  in  reservoirs. 
Inasmuch  as  many  rocks  were  formed  in  the  sea,'  they  must  have 
contained  salt  water  at  first,  and  if  they  are  very  porous  or  have 
cracks  so  that  the  water  in  the  ground  can  circulate  freely  through 
them,  the  salt  water  and  any  oil  or  gas  they  may  contain  may  be 
washed  out.  For  this  reason  it  seems  probable  that  in  regions  where 
sand  is  unusually  abundant  oil  and  gas  pools  are  much  less  likely 
to  be  found  than  where  clay,  shale,  and  other  impervious  rocks  are 
relatively  common. 

Although  no  tar  seepages  or  asphaltic  rocks  are  known  around 
Irvine,  some  of  the  rocks  give  forth  a  bituminous  odor  when  freshly 
broken,  especially  the  Ohio  shale  and  the  underlying  limestone  or 
dolomite,  which  constitutes  the  oil  "  sand  "  of  the  Irvine  and  other 
fields.  Oil  is  said  to  have  issued  in  a  quarry  at  the  base  of  the  Ohio 
shale  near  Irvine,  several  gallons  having  been  obtained. 

CAPACITY'  Ain>  LIFE  OF  WELLS  AND  AMOITNT  OF  OIL  STILL  IK 

THE  "  SAND/' 

• 

The  estimation  of  how  much  more  oil  can  be  extracted  from  the 
Irvine  field  is  a  difficult  problem,  one  reason  being  that  little  en- 
lightening information  is  available  from  which  to  construct  life 
and  production  curves  of  the  wells  in  this  field,  because  they  have 
not  been  worked  to  their  full  possibilities,  and  another  reason  being 
that  the  pore  space  of  the  oil-bearing  limestone  is  extremely  irregu- 
lar. In  some  places  the  limestone  is  compact;  elsewhere  it  has  an 
abundance  of  not  only  small  pores  but  also  cavities  of  various  sizes. 
Some  of  these  cavities  may  be  closed,  so  that  if  they  give  up  their  oil 
at  all  it  will  be  ^t  so  slow  a  rate  that  wells  which  might  be  supplied 
from  them  will  be  abandoned  before  the  oil  gets  out. 

FBODirCTION  OF  OIL. 

The  production  of  oil  in  the  Irvine  field  is  indicated  in  the  accom- 
panying diagrams  (figs.  24-28)  made  up  from  data  published  in  the 
Oil  and  Gas  Journal  and  the  Wayne  County  (Ky.)  Outlook.  The 
diagrams  show  that  the  number  of  wells  and  daily  production  of  the 
field  have  grown  rapidly ;  that  the  percentage  of  successful  wells  has 
been  rather  high  since  the  development  of  the  field  got  fairly 
started,  and  that  the  average  initial  production,  though  showing 
much  variation,  seems  to  show  no  general  trend  as  the  field  is  ex- 
tended eastward. 
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FiaoRB  24. — Dlasram  ibowlng  unmbfr  of  FlotJBB  S6. — DUetibi   ahowlDK    prodnc- 

well>  drilled   in   sod   near  the   IrvlDt  tlon  of  Irrtoe  oil  eeld,  Kj^  from  De- 

oll  a«1d,  Kj..  fton  Octot>er,  1915,  to  cember,  1916.  to  Jvtvmrj,  1&17- 
FebriiBlT,  1917. 
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Fiopu  26. — DInsram  sbonioK  porccot- 
■BC  of  laccenfol  wella  la  IrrlDe  oil 
field.  K;..  from  October,  1916,  to 
FcbrUTj,  1917. 


FloDnc  27. — Diagram  abowlBg  aireraie 
iDltUI  produclloD  of  ■oeeeaafnl  wells 
Id  Irrlue  oil  fleld,  Kjr.,  from  October, 
IMS,  to  Pebnurr,  1917. 
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The  statistics  represented  by  the  diagrams,  with  some  later  fig- 
ures which  have  appeared  since  the  diagrams  were  prepared,  are 
given  in  the  table  on  page  184.         «- 

The  pore  space  of  the  oil  "  sand  " 
is     evidently     extremely     variable 
within  short  distances,  though  per-         " 
haps  that  of  considerable  bodies  of 
the  rock  is  fairly  uniform.    A  speci- 
men from  an  outcrop  absorbed,  after 
being  dried,  25  per  cent  by  volume 
of  water.    This  percentage  is  prob-    «  ^ 
ably  much  above  the  average  for  the    S 
oil-bearing  rock,  for,  although  the    i 
sample  was  selected  as  being  ap-    g  » 
proximately  representative  of  the    £ 
visible  or  outcropping  portion  of  the    | 
oil  rock,  it  probably  differs  from    *   "" 
the  buried  portion  on  account  of 
exposure  to  the  weather,  one  effect 
of  which  is  the  gradual  leaching  . 
out  of  the  small  admixture  of  lime 
carbonate  in  the  rock.  ,p 

It  is  evident  that  on  account  of 
the  variations  in  effective  or  com- 
municating   pore    space    and    the         o 
numerous  smalt  cavities,  accurate 
estimates  as  to  pore  space  can  not 
be  made  from  the  few  small  frag- 
ments of  the  oil   rock  that  have 
thus  far  been  obtained  from  wells. 
When   the   shooting  of   wells  be- 
comes more  general  it  will  no  doubt  be  possible  to  get  many  chunks 
of  the  rock  an  inch  or  more  in  diameter,  from  which  fairly  reliable 
determinations  of  pore  space  can  be  made,  and  from  these  the  total 
quantity  of  oil  in  the  rock  can  be  estimated.    Perhaps  when  the  field 
is  supposed  to  be  exhausted  it  can  be  shown  from  the  total  amount  of 
pore  space  in  the  "  pay  "  throughout  the  field  and  the  total  amount 
of  oil  and  gas  produced  that  actually  much  oil  remains  in  the  rock 
as  a  lining  of  pores  at  that  time  containing  water. 

In  any  case  the  total  pore  space  of  the  "  pay "  in  the  present 
productive  area  is  apparently  five  to  ten  times  as  great  as  the  total 
quantity  of  oil  so  far  marketed,  and  it  seems  probable  that  the  pool 
will  be  found  to  have  an  extent  30  or  40  per  ceiit  greater  than  the 
present  proved  area. 


FtauBB  26. — Diagram  Bbowlag  pnxluc- 
tlon  Id  IrrlDe  oil  Held,  Ky..  for  ench 
moath  from  December,  IftlS,  to  JaD- 
aar;,  1917,  divided  b;  total  nomber 
of  prodactlTe  wells  prevlanaly  drilled. 
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The  initial  pumping  capacity  of  wells  in  the  Irvine  field  seems 
to  run  generally  between  10  and  70  barrels  a  day.  Very  few  of 
the  wells  have  flowed  naturally.  Because  the  marketing  facilities 
are  inadequate  the  production  has  been  much  below  the  full  capacity 
of  the  wells.  Practically  all  the  oil  marketed  is  said  to  be  shipped 
through  a  4-inch  pipe  line.  Partly  for  the  same  reason  few  weUs 
have  been  shot.  It  seems  unlikely^  however,  that  shooting  would 
greatly  increase  the  capacity  of  the  average  well  and  very  improb- 
able that  the  ultimate  yield  of  the  wells  could  thus  be  greatly  in- 
creased, for  the  oil-bearing  rock  has  comparatively  large  pores  and 
fracturing  is  not  greatly  needed.  However,  many  of  the  wells  will 
no  doubt  be  shot  as  soon  as  their  capacity  drops  or  shipping  facilities 
are  increased  to  the  point  where  the  oil  obtained  by  a  temporary 
increase  of  capacity  could  all  be  marketed. 

Well  data  for  Irvine^  Ravenna^  and  Station  Camp  fields,  Ky, 


October... 
November. 
December. 


January... 
February. . 

March 

April 

May 

June 

July 

August 

September. 
October... 
November. 
December. 


January.. 
February. 

March 

AprU.... 


Mooth. 


Average. 


1915. 


1916. 


1917. 


Number 

of  wells 

coii4>leted. 


Percentage 
of  produo- 
tive  wells. 


100.0 


65 


100.0 


51 

86.8 

23 

82.6 

20 

90.0 

26 

92.3 

S5 

85.7 

35 

97.1 

77 

96.1 

94 

82.9 

101 

91.1 

131 

81.7 

82 

93.9 

95 

89.6 

83 

81.9 

57 

89.5 

72 

81.9 

68 

83.8 

Average 
initial 
production 
of  produc- 
tive w^s 
(barrels  a 
day). 


25.0 


Total 

production 

(barrels). 


.1. 


100.0 


14.2 
22.1 
90.1 
28.4 
25.8 
55.2 
39.2 
38.4 
31.4 
28.3 
81.8 
34.5 


36.4 
00.4 
55.6 
49.1 


456.00 


2,120.14 

8,725.00 

15.000.00 

32.343.71 

48.250.60 

57,845.56 

55,721.03 

104.189.02 

100,567.84 

113.137.29 

147,670.39 

112,554.70 


133.953.24 
107,341.13 
145,000:1: 
130,000± 


89.2 


39.2  I    77,345.63 


ProductiOD 

for  the 
month  di- 
vided by 
total  num- 
ber of  pro* 

ductive 

wells  to 

date. 


238.00 


46.  oe 

134.23 
180.79 
302. 2S 
352.19 
338.29 
227.43 
322.57 
243.33 
216.74 
246.58 
164.55 


178.13 

11&87 

450.72 

127.57 


210.43 


CHABACT£B  OF  THE  OIL. 

The  Irvine  oil  is  dark  green  by  reflected  light;  by  transmitted 
light  it  is  of  so  dark  a  brown  as  to  seem  opaque  except  where  the 
thickness  of  the  sample  is  only  an  eighth  or  a  quarter  of  an  inch. 
Its  specific  gravity  is  said  to  range  from  30°  to  36°  Baum£,  and 
its  gasoline  content  is  said  to  be  so  high  that  the  oil  sometimes 
bubbles  in  the  tanks. 
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A  sample  of  oil  was  collected  from  the  Bud  Rawlins  farm,  2  miles 
northeast  of  Irvine,  and  sent  to  the  Bureau  of  Mines  for  analysis. 
The  returns  are  of  especial  interest  because  this  farm  lies  next  to 
the  fault  and  also  less  than  2  miles  from  several  exposures  of  the 
oil-bearing  rock.  The  sample  was  collected  from  a  freshly  filled 
tank,  and  the  oil  came  from  wells  Nos.  1  to  11,  inclusive,  except 
well  No.  4. 

Analysis  of  crude  oU  from  Irvine  fields  Ky. 

t^pecl&o  gnvity  at  15*  C,  0.873—30.5*  B.    DiitlUttioii  In  Bureau  of  HIdm  Hempel  flask.   Barometer, 

747  millimeters.] 


Frao- 

Total 

Temperature 

tlosa 

(percent 

by  vol- 

distiUed 

(percent 

Dy  vol- 

Spedflo 
gravity. 

ume). 

ume). 

Up  to  125 

3.4 

3.4 

0.739 

135-160 

4.0 

7.4 

.773 

150-175 

4.0 

12.3 

.794 

17&-3Q0 

3.7 

16.0 

.811 

300-225 

4.2 

20.2 

.823 

225-250 

4.8 

25.0 

.831 

250-375 

5.7 

30.7 

.  ot4 

275-300 

8.7 

30.4 

.847 

OBIOIK  OF  THE  OIL. 

The  source  ancl  mode  of  formation  of  petroleum  are  not  yet 
known  with  certainty,  though  fairly  convincing  evidence  has  been 
brought  forth  concerning  the  oil  of  certain  fields.  The  most  preva- 
lent opinion  among  oil  geologists  is  that  it  is  of  organic  origin  and 
that  most  of  it  at  least  has  been  derived  from  the  remains  of  plants 
rather  than  of  animals.  However,  the  arguments  for  animal  origin, 
as,  for  example,  the  fact  that  oil  is  in  many  places  associated  with 
moUusk  shells,  have  appealed  to  many. 

To  the  writer  it  seems  very  probable  that  most  petroleum  is  of 
plant  origin.  The  two  principal  reasons  are,  first,  that  carbonaceous 
remains  of  plants  are  far  more  abundant  than  those  of  animals  in 
all  rocks,  and,  second,  that  the  hydrocarbon-bearing  portions  of 
animals  decompose  far  more  readily  and  quickly  than  such  parts  of 
plants. 

By  far  the  greater  part  (probably  over  99  per  cent)  of  the  car- 
bonaceous material  in  the  earth's  crust  that  can  be  classified  with 
certainty  is  of  plant  origin,  and,  except  for  water,  plants  consist 
principally  of  the  elements  that  go  to  make  up  petroleum  and 
natural  gas,  namely,  carbon,  hydrogen,  and  oxygen.  The  soft  parts 
of  animals  also  consist  mainly  of  the  same  elements  with  more  or 
less  nitrogen,  but  they  decompose  or  oxidize  much  more  readily, 
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and  hence  are  much  more  likely  to  be  lost  in  the  air  and  surface 
water  before  being  buried  so  deep  that  decomposition  or  oxidation 
ceases.  The  writer  has  had  the  opportunity  of  observing  many 
lime,  sand,  and  other  formations  in  process  of  development,  and 
has  seen  many  places  where  plant  material  was  being  incorporated 
with  sediment,  including  the  great  mud  deposits  at  the  mouth  of 
Mississippi  River  and  certain  rivers  in  northern.  Europe;  the  lime 
deposits  around  Florida  and  Yucatan,  the  Great  Salt  Lake,  and 
elsewhere;  sand  deposits  at  various  places  along  the  Atlantic  coast, 
the  Great  Lakes,  the  smaller  lakes  and  streams;  and  more  or  less 
sandy,  limy,  and  clayey  deposits  in  glacial  and  other  lakes.  He 
has  seen  only  a  few  places  where  the  soft  parts  of  animals  have 
been  or  are  being  buried,  and  at  most  of  these  places  it  is  presum- 
able  that  decomposition  continues  to  completion.  Most  oils  contain 
a  little  nitrogen,  which  is  a  much  more  abundant  and  characteristic 
constituent  of  animal  matter  than  of  plant  matter,  but  the  amount 
in  petroleum  is  generally  a  small  fraction  of  1  per  cent.  Many 
plants  contain  some  nitrogen,  and  it  appears  possible  that  some  of 
the  nitrogen  in  petroleum  may  have  come  from  air  buried  with 
the  organic  mud,  the  oxygen  having  been  used  up  in  other 
combinations. 

The  fact  that  globules  of  petroleum  have  been  observed  in  cavities 
associated  with  shells  of  sea  animals  does  not  seem  significant,  be- 
cause petroleum  is  almost  exclusively  found  in  cavities  or  in  the  larger 
openings  and  pores  of  rocks,  and  it  is  much  more  reasonable  to  assume 
that  the  oil  came  from  elsewhere  and  stopped  where  it  found  a  cavity, 
.than  that  a  part  of  the  flesh  of  a  Paleozoic  sea  moUusk  was  converted 
into  petroleum,  and  that  the  other  products  of  the  change  were  car- 
ried away,  although  presmnably  less  easily  transported,  while  the 
petroleum  was  left  for  ages  precisely  where  it  was  formed,  particu- 
larly as,  though  fossils  are  abundant,  occurrences  of  globules  of  oil 
in  them  are  rare  and  are  confined  to  those  which  happen  to  have 
cavities. 

In  the  Irvine  field  a  very  large  quantity  of  carbonaceous  material 
is  included  in  the  Ohio  black  shale,  which  contains  abundant  remains 
of  plants,  particularly  spore  cases  of  ferns,  which  may  be  seen  on 
almost  any  slab  of  the  shale.  They  form  rather  conspicuous  black 
or  dark-brown  spots  ranging  from  one-sixteenth  to  one-fourth  inch 
in  diameter,  and  are  commonly  surrounded  by  resinous  masses,  which 
are  beyond  a  doubt  derived  from  plant  matter  and  yet  are  very  simi- 
lar in  composition  to  petroleum. 

The  facts  that  this  shale  immediately  overlies  the  oil-bearing  rock, 
though  generally  the  very  carbonaceous  portion  is  separated  from  the 
oil  rock  by  a  few  feet  of  light-colored  clay  shale ;  that  it  is  by  far  the 
most  carbonaceous  bed  in  the  region ;  and  that  a  petroleum  heavier 
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than  that  in  the  oil  ^^  sand  "  can  be  distilled  from  it  make  it  seem  ex- 
tremely probable,  if  not  almost  certain,  that  this  shale  has  been  the 
source  of  the  oil  now  being  produced  in  the  field.  The  writer  knows 
of  no  oil  field  where  the  circumstantial  evidence  as  to  the  source  of 
oil  is  stronger  than  in  the  Irvine  field.  The  spore  cases  themselves, 
which  are  beyond  doubt  of  plant  origin,  have  undergone  a  gradual 
slight  rearrangement  of  their  molecules  that  brings  their  composi- 
tion close  to  that  of  petroleum,  as  is  indicated  when  they  are  dis- 
tilled in  a  closed  tube.  If  they  or  in  fact  any  portion  of  the  shale  is 
put  in  a  glass  tube  a  few  inches  long  and  closed  except  for  a  small 
opening  at  one  end,  and  if  the  shale  is  shaken  dow^n  to  the  opposite 
end  and  this  end  heated  over  a  hot  flame,  gas  will  issue  from  the  open- 
ing at  the  other  end  and  may  be  ignited,  while  a  conspicuous  ring  of 
oil  distilled  from  the  shale  will  form  on  the  inside  of  the  tube. 

The  conditions  that  determine  whether  oil  or  gas,  which  are  ccwn- 
poeed  of  practically  the  same  elements,  and  what  variety  of  either 
will  be  formed  when  the  shale  is  subjected  to  pressure  for  ages  are 
not  yet  fully  understood,  but  David  White,*  who  has  given  much 
attention  to  this  subject,  believes  that  gas  is  more  likely  to  pre- 
dominate over  oil  where  the  pressure  is  greatest. 

MODE  OP  ACCUMULATION  OF  THE  OIL. 

The  next  problem  is  to  trace  the  oil  from  its  original  position  of 
wide  dissemination  in  the  shale  to  the  oil  ^^  sand ''  and  to  portions  of 
the  oil  "  sand  "  where  the  structure  is  favorable  for  the  accumulation 
and  retention  of  pools.  The  Ohio  shale,  like  most  other  geologic 
f  ortnations,  was  laid  down  in  water  of  one  kind  or  another,  and  its 
original  thickness,  when  it  was  saturated  with  water,  was  much 
greater  than  its  present  thickness.  When  great  deposits  of  mud, 
particularly  carbonaceous  mud,  are  buried  beneath  hundreds  of 
thousands  of  feet  of  later  deposits  and  allowed  to  lie  thus  buried  for 
thousands  or  millions  of  years,  compacting  must  obviously  take 
place.  To  judge  by  determinations  of  pore  space  made  by  the  writer, 
the  average  carbonaceous  mud  that  is  not  yet  buried  has  8  to  10 
times  as  much  pore  space  as  the  present  Ohio  shale.  In  the  com- 
pacting process  all  the  fluids  contained  in  the  mud  which  later  became 
the  Ohio  shale  were  forced  out  by  the  most  available  route,  whether 
that  was  down,  up,  or  sidewise.  This  process  has  recently  been  dis- 
cussed by  Johnson.*  In  borings  which  the  writer  has  made  in  recent 
carbonaceous  materials  no  oil  has  been  found,  even  in  portions  that 
have  been  considerably  compacted.    He  is  hence  inclined  to  believe 

^ White,  David,  Some  relations  In  origin  between  coal  and  petroleum:  Washington 
Acad.  Sci.  Jour.,  rol.  6,  pp.  180-212,  1916. 

■Johnson,  R.  H.,  The  rdle  and  fate  of  the  connate  water  In  oil  and  gas  sands: 
Am.  Inst.  Min.  Bng.  Bull.  98,  pp.  221-226,  1916. 
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that  the  formation  of  petroleum  does  not  begin  imtil  after  the  main 
compacting  has  been  accomplished.  If  any  were  formed  before,  it 
might  be  carried  out  in  whatever  direction  the  original  water  was 
forced  out. 

After  most  of  the  compacting  had  been  accomplished  the  fluids 
contained  in  the  Ohio  shale  and  the  overlying  and  underljdng  forma- 
tions must  have  been  shifted  about  a  little  from  time  to  time  by  any 
further  compacting  that  took  place,  by  crustal  movements  of  the 
earth,  by  changes  in  internal  temperature,  by  tidal  stresses,  by 
changes  in  air  pressure,  and  probably  by  an  extremely  slow  direct  or 
indirect  downward  migration,  such  as  the  writer  suspects  is  com- 
mon to  all  water  under  lands  that  attain  any  considerable  altitude 
above  the  sea.  In  this  way  the  oil  and  gas  formed  in  the  Ohio  shale 
were  very  likely  shifted  somewhat,  though  the  facts  concerning 
their  evident  close  confinement  and  the  existence  of  salt  water  near 
the  surface  indicate  that  the  migration  of  none  of  the  fluids  has  been 
extensive. 

According  to  the  writer's  views,  the  migration  and  separation  of 
the  oil,  gas,  and  water  are  effected  as  follows: 

The  water,  oil,  and  gas  in  all  rocks  are  constantly  under  the 
influence  of  intermolecular  attractions,  which  are  effective  through 
only  minute  distances,  but  which  within  those  distances  are  very 
great,  much  exceeding  that  between  the  earth  and  a  molecule.  Such 
forces  differ  from  substance  to  substance,  and  their  general  effect 
in  a  sand  is  to  push  the  oil  and  gas  into  the  larger  pores  or  cavities, 
or  at  least  to  retain  it  in  such  places  after  it  has  arrived.  Apparently 
the  heat  activity  of  the  molecules  would  not  prof oimdly  modifj^  the 
result.  The  largest  pores  available  to  the  oil  of  the  Irvine  field  are 
in  the  "Comiferous"  limestone.  As  the  amount  of  oil  was  insuffi- 
cient to  fill  all  the  cavities  in  the  limestone  throughout  its  extent,  the 
continuance  of  all  the  processes  that  tend  to  shift  about  fluids  within 
the  earth  might  very  reasonably  have  caused  the  oil  and  gas  to 
respond  to  the  force  of  gravity,  which  is  stronger  for  water  than 
for  oil,  and  to  migrate  to  the  places  where  the  sand  lay  highest, 
leaving  water  in  the  lower  places.  As  Munn^  has  pointed  out,  it 
seems  impossible  that  in  the  nearly  flat-lying  beds  of  most  oil  fields 
the  migration  to  the  top  of  an  anticline  or  other  favorable  structural 
feature  could  be  accomplished  by  gravity  alone,  while  all  fluids  were 
quiescent,  but  if  the  fluids  were  moved  any  considerable  distance  the 
oil  and  gas  might  during  their  migration  accommodate  themselves 
to  gravity  and  get  to  the  tops  of  the  anticlines,  and  if  all  fluids  were 
subject  to  an  oscillatory  motion,  even  if  so  slight  as  to  amount  to  the 
diameter  of  only  a  few  pores,  the  oil  and  gas  would  perhaps  still 
migrate  to  the  tops  of  the  anticlines. 

iMtinn,  M.  J.,  The  anticUnal  and  hydraulic  theorlaa  of  oil  and  gai  accnmiiUtloi& : 
Bcon.  Geology,  toL  4,  pp.  609-689,  1009. 
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SHALE  OIL. 

It  is  interesting,  both  for  the  scientific  purpose  of  a  better  under- 
standing of  the  origin  of  petroleum  and  for  the  practical  purpose  of 
knowing  what  opportunity  exists  of  making  artificial  petroleum  from 
the  Ohio  shale,  to  know  the  nature  and  proportions  of  hydrocarbons 
which  may  be  extracted  from  it.  Shales  from  which  oil  may  be 
obtained  are  not  at  all  uncommon  in  the  United  States  and  other 
countries,  and  in  some  places,  particularly  in  Scotland,  the  manu- 
facture of  petroleum  from  shale  has  been  carried  on  for  many  years. 
It  is  said  that  many  plants  built  for  the  extraction  of  oil  from  the 
Ohio  shale  were  in  operation  in  Kentucky  and  Ohio  60  or  60  years 
ago.  Some  of  the  petroleum  in  the  shale  may  be  dissolved  out  with 
ether  or  some  other  liquid  in  which  petroleum  dissolves  readily,  and 
some  requires  distillation;  in  other  words,  some  seems  to  exist  as 
petroleum  in  the  shale,  but  a  larger  part  is  a  chemical  product  of  the 
distillation  of  other  hydrocarbons. 

A  sample  of  the  Ohio  black  shale  from  Irvine  was  submitted  to 
the  Bureau  of  Mines  for  destructive  distillation.  The  test  indicated 
that  the  shale  would  yield  7  gallons  of  oil  and  8  gallons  of  water  to 
the  ton. 

Samples  of  black  shale  from  numerous  places  in  Kentucky,  Ten- 
nessee, Pennsylvania,  Ohio,  Indiana,  and  other  States  have  been 
tested,  and  the  results  are  discussed  by  Ashley,^  who  remarks :  "Ac- 
cording to  these  figures,  the  Devonian  black  shale  can  be  expected  to 
yield  not  over  10  or  12  gallons  of  oil,  2,000  cubic  feet  of  gas  (as  a 
by-product),  and  one-third  of  a  pound  of  ammonia  to  the  ton." 

The  chemical  composition  of  the  shale  is  ^own  by  the  following 
analysis,  by  Robert  Peter,  of  more  or  less  weathered  material  col- 
lected by  Owen : 


2 


Devonian  black  slaie^  sifted  out  of  soil  from  Thomas  Carson^s  farm,  near  Irvine, 

Estill  County,  Ky. 

[Composition,  dried  at  2i2*  F.] 

Alumina  and  oxides  of  iron  and  manganese 6. 860 

Carbonate  of  lime .244 

Magnesia .433 

Phofiq;)horlc  acid .  310 

Sulphuric  acid .  132 

Potash 1.101 

Soda t- .340 

Sand  and  insoluble  silicates 82. 280 

Bituminous  matters,  water  and  loss... 8. 300 

100.000 

^Ashley,  O.  H.,  Oil  resources  of  black  shales  of  the  eastern  United  States:  U.  S. 
GeoL  Surrey  Bull.  641,  p.  820,  1917. 

'Owen,  D,  D.,  A  summary  of  the  chemical  analyses  of  ores,  rocks,  soils,  clays,  marls. 
Iron  famace  products,  mineral  waters,  etc.,  of  Kentucky :  Kentucky  Geol.  Survey  Fourth 
Rept.,  for  1868-69,  p.  146,  1881. 
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The  soft  aluminous  shales  are  very  generally  rich  in  potash,  and  where  they 
are  easily  decomposable  they  yield  a  rich  soil,  subject,  however,  to  be  wet, 
heavy,  or  swampy,  because  of  the  considerable  amount  of  clay  present  and  im- 
perfect natural  drainage.  When  well  drained,  these  lands  may  be  made  quite 
productive. 

Two  samples  of  the  black  shale  were  submitted  to  C.  E.  Van  Ors- 
trand  with  the  request  that  the  porosity  and  specific  gravity  be 
determined  before  and  after  extraction  of  carbon  dioxide,  combined 
water,  and  organic  material  by  acid  and  ignition.  He  made  the 
following  report : 

The  porosity  of  sample  No.  1  was  found  to  be  7.6  per  cent ;  that  of  No.  2  to 
be  7.4  per  cent. 

After  grinding  the  samples  until  they  passed  through  the  lOO-mesh  sieve 
they  were  washed  in  petroleum  ether.  The  sample  which  gave  7.6  per  cent 
porosity  was  washed  12  times ;  the  other  one  was  washed  18  times.  A  wash- 
ing consisted  of  covering  the  sample  with  petroleum  ether,  letting  it  boil  for 
about  15  minutes,  and  then  decanting  ofF  the  petroleum  ether.  Petroleum 
ether  was  again  poured  over  the  sample  and  then  poured  off.  The  abovfr 
process  was  then  repeated.  The  final  porosity  of  each  sample  was  found  to  be 
8  per  cent 

The  separated  grains  of  the  shale  passed  through  the  300-mesh  sieve. 

A  3-gram  sample  of  the  shale  was  passed  through  a  100-mesh  sieve,  and  then 
boiled  for  20  minutes  in  concentrated  hydrochloric  acid.  The  porosity  deter- 
mined from  the  powder  thus  treated  Is  8  per  cent,  the  same  as  was  obtained  by 
boiling  in  petroleum  ether.  Another  3-gram  sample  was  passed  through  the 
100-mesh  sieve  and  heated  20  minutes  in  a  Bunsen  flame.  The  porosity  de- 
termined from  this  final  product  is  19.6  per  cent.  The  specific  gravity  of  the 
powder  thus  treated  is  2.59,  and  a  solid  cubic  foot  of  it  would  weigh  161.09 
pounds.  A  cubic  foot  of  the  shale  with  the  19.6  per  cent  of  pore  space 
emptied  in  the  way  outlined  would  weigh  130  pounds. 

This  and  previous  tests  were  made  by  A.  F.  Melcher. 

The  shale  as  it  lies  in  the  earth  with  water  and  other  substances 
in  the  pores  probably  weighs  140  to  145  pounds  to  the  cubic  foot. 

NOTES  ON  DEVELOPMENT. 

Although  this  report  is  designed  primarily  to  be  purely  geologic 
in  nature,  the  geology  of  the  field  is  so  closely  related  to  problems  of 
the  recovery  of  petroleum  that  a  few  brief  notes  on  these  problems 
are  worthy  of  record  in  this  place. 

As  the  oil  ^^  sand  "  lies  not  far  below  the  valley  bottoms,  drilling  is 
comparatively  inexpensive.  It  is  reported  that  the  discovery  well 
cost  less  than  $50.  The  average  cost  of  wells  is,  however,  several 
hundred  dollars,  for  most  of  them  are  deeper  than  the  discovery 
well,  and  some  have  cost  more  than  $2,000.  Most  of  the  drilling  is 
done  with  machines,  but  derricks  have  been  erected  here  and  there. 
The  general  appearance  of  the  field  differs  markedly  from  those 
where  the  oil  lies  at  great  depth,  for  there  is  no  forest  of  derricks, 
but  instead  inconspicuous  pumping  jacks  scattered  over  the  more  or 
less  wooded  mountain  sides. 
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As  the  country  is  rough,  it  is  commonly  difficult  to  haul  drilling 
machinery  to  a  well  sjite,  and  generally  temporary  roads  have  to  be 
built.  For  a  similar  reason  it  is  difficult  to  get  a  supply  of  water  to 
wells  at  relatively  high  altitudes. 

Many  of  the  first  wells  are  said  to  have  been  drilled  too  deep  and 
to  have  penetrated  a  salt-water  zone,  which  seems  to  underlie  the 
oil  *'*'  sand ''  throughout  a  large  part  of  the  field.  Some  of  the  early 
wells  were  also  shot  too  heavily,  several  weUs  having  apparently 
been  ruined  in  this  way. 

It  is  also  difficult  and  expensive  to  bring  fuel  to  the  oil  wells,  and 
many  of  them  have,  curiously  enough,  been  drilled  with  gasoline 
costing  15  or  20  times  as  much  as  the  market  price  of  the  gasoline- 
bearing  oil,  for  which  they  were  being  drilled. 

The  connecting  pores  of  the  oil-bearing  rock  are  relatively  large 
throughout  its  extent,  and  the  oil  is  under  more  or  less  pressure  from 
gas.  Hence  the  oil  flows  into  the  wells  rapidly,  and  there  is  little 
need  for  close  drilling.  However,  the  rock  varies  somewhat  in 
porosity,  and  hence  there  seems  to  be  a  possibility  that  small  portions 
of  the  pool  may  be  surrounded  by  advancing  water  and  their  oil  pre- 
vented from  reaching  a  well. 

The  method  of  advance  of  this  water  is  a  geologic  problem  of  great 
economic  importance.  As  the  oil  is  taken  out,  air,  gas,  or  water  must 
flow  into  the  pores  to  take  its  place,  and  the  question  immediately 
arises,  How  complete  is  the  replacement?  If  the  walls  of  the  pores 
retain  a  coating  of  oil,  the  oil  recovered  may  be  much  less  than  the 
original  amount  in  the  ground,  for  most  of  the  pores  are  probably 
not  over  0.002  inch  in  diameter  and  a  thin  coating  on  their  walls 
would  be  a  large  part  of  their  original  content.  It  may  be  that  the 
replacement  is  more  complete  with  slow  extraction,  so  that  the  per- 
centage of  recovery  would  be  higher  if  the  oil  were  taken  out  at  a 
slower  rate.  The  pores  are  extremely  irregular  in  diameter,  more  so 
than  the  grains  composing  the  sand,  and  it  may  be  that  some  of  the 
smallest  pores  retain  their  oil. 

Few  of  the  wells  have  been  shot,  and  few  flow.  Partly  on  account 
of  insufficient  marketing  facilities,  there  has  been  no  effort  to  force 
wells  to  their  full  capacity.  As  these  facilities  grow  better  and  the 
demand  for  oil  increases  and  as  the  production  of  individual  wells 
declines  no  doubt  many  of  them  will  be  shot  and  thus  rejuvenated. 

It  is  said  that  much  more  oil  would  have  been  produced  if  it  could 
have  been  readily  marketed.  The  outlet  has  been  a  single  4-inch  pipe 
line,  and  this  has  been  taxed  to  its  utmost  capacity,  being  at  times 
subjected  to  a  pressure,  it  is  reported,  as  high  as  1,100  pounds  to  the 
square  inch.  However,  an  additional  pipe  line  is  said  to  be  in  process 
of  installation. 


THE  SOWDOIN  DOME,  MONTANA,  A  POSSIBLE  RESERVOIR 

OF  OIL  OR  GAS. 


By  Arthur  J.  Covltesu 


INTRODUCTION. 

The  Bowdoin  dome  is  situated  on  Milk  River,  in  northeastern 
Montana,  on  the  main  line  of  the  Great  Northern  Railway  between 
Malta  on  the  west  and  Hinsdale  on  the  east.  (See  index  map,  fig. 
29.)    It  is  about  42  miles  south  of  the  Canadian  boundary,  150  miles 


Fiouxa  29. — Key  map  showing  location  of  Bowdoin  dome,  Mont. 

west  of  the  Dakota-Montana  State  line,  and  100  miles  east  of  Havre. 
The  dome  is  a  broadly  arched  portion  of  the  earth's  crust  from 
which  the  strata  dip  away  on  all  sides,  its  structure  being  a  type 
known  to  be  favorable  for  the  accumulation  of  oil  or  gas  in  many 
fields.  A  well  drilled  here  for  water  several  years  ago  has  been 
yielding  a  small  flow  of  gas,  sufiicient  probably  for  domestic  use  in 
one  family,  ever  since,  and  it  is  thought  that  the  region  offers  a  chance 
of  success  to  the  driller  of  deeper  wells.    In  1915  a  large  gas  well 

was  drilled  at  Havre. 
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FIEIiD  WORK. 

During  the  summer  of  1916  the  writer,  assisted  by  H.  B.  Bennett 
and  Edwin  T.  Conant,  made  an  extensive  reconnaissance  in  north- 
eastern  Montana.    The  field  work  consisted  of  hastily  riding  over ; 
large  areas,  noting  the  outcr(^  of  the  formations,  collecting  fossils, 
and,  whenever  the  presence  of  lignite  beds  or  the  geologic  structure . 
justified  it,  running  traverse  lines  from  section  comers  with  the' 
plane  table  and  telescopic  alidade.    A  section  partly  exposed  on  the- 
east  side  of  the  Little  Rocky  Mountains  was  measured  by  this  means, 
and  several  lines  were  run  to  determine  the  dips  of  the  rocks.    Manyj 
elevations  were  determined  approximately  by  the  aneroid  barometer. ' 
A  considerable  part  of  the  season's  field  work  was  applied  to  thej 
examination  and  mapping  of  the  Bowdoin  dome. 

AUTHORITIES   CONSULTEP. 

The  region  has  not  been  examined  in  detail  by  geologists,  and 
little  has  been  published  regarding  it.  The  stratigraphy  of  the 
Little  Rocky  Mountains,  southwest  of  the  dome,  is  described  by 
Weed  and  Pirsson,^  but  their  inspection  was  confined  to  the  part 
of  the  moimtains  where  gold  and  silver  were  being  mined.  The 
Larb  Hills,  south  of  the  Bowdoin  dome,  are  described  very  briefly  by  , 
Bamum  Brown  *  in  his  report  on  the  "  Hell  Creek  beds."  The  ter- 
ritory adjacent  to  the  Canadian  line  is  described  by  Dawson,'  and 
a  report  by  Pepperberg^  sets  forth  the  geologic  conditions  about 
30  miles  west  of  Malta.  The  region  described  by  Pepperberg  was 
examined  again  in  1915  by  Stebinger,"  who  reported  on  its  possi- 
bilities of  yielding  oil  and  gas.  The  Fort  Peck  Indian  Eeservation, 
30  miles  to  the  east,  is  covered  in  a  report  by  Smith,*  and  the  region 
north  of  the  reservation  was  examined  in  1915  by  the  writer.  The 
occurrence  of  glacial  drift  and  the  preglacial  position  of  Missouri 
River  across  the  Bowdoin  dome  are  discussed  by  Calhoim.^ 

^Weed,  W.  H.,  and  Pinson,  L.  V.,  Geology  of  the  Little  Rocky  Mountains:  Joar. 
Geology,  yol.  4,  pp.  30^-428,  1896. 

>  Brown,  Barnum,  The  Hell  Creek  beds  of  the  Upper  Cretaceous  of  Montana :  Am.  Hns. 
Nat  Hist  Bull.,  vol.  23,  pp.  823-845,  1907. 

■Dawson,  G.  M.,  Geology  of  the  forty-ninth  parallel,  Biittsh-North  American  Bonodary 
Commission,  Montreal,  1876. 

*  Pepperberg,  L.  J.,  The  Milk  Biver  coal  field,  Mont. :  U.  S.  Geol.  Snryey  Boa  881, 
pp.  82-107,  1010. 

*  Stebinger,  Eugene,  Possibilities  of  oil  and  gas  in  north-central  Montana :  U.  S.  GeoL 
Survey  Bull.  641,  pp.  49-61,  1916. 

*  Smith,  C.  D.,  The  Fort  Peck  Indian  Reservation  lignite  field,  Mont :  U.  S.  Geol.  Surrey 
BulL  881,  pp.  40-69,  1910. 

f  Calhoun,  F.  H.  H.,  The  Montana  lobe  of  the  Keewatin  ice  sheet :  U.  8.  OeoL  Surrey 
Prof.  Paper  60,  1906. 
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BASE  MAP. 

The  Bowdoin  dome  is  included  in  Tps.  30  to  35  N.,  Rs.  30  to  86  E. 
Its  southern  part  has  been  mapped  topographically  by  the  United 
States  Greological  Survey,  and  the  approximate  altitude  of  all  points 
in  this  part  can  be  found  by  consulting  the  Bowdoin,  Saco,  and 
Hinsdale  sheets.  The  only  reliable  maps  of  the  northern  part  are 
based  on  the  township  plats  of  the  Greneral  Land  Office.  Many  of 
the  townships  have  been  surveyed  so  recently  that  their  plats  are 
not  yet  available.  Altitudes  and  topography  along  the  international 
boundary  are  given  on  the  sheet  prepared  by  the  International 
Boundary  Commission,  and  the  Geological  Survey's  topographic  map 
of  the  Cherry  Bidge  quadrangle,  30  miles  west  of  the  Bowdoin  dome, 
shows  the  altitude  of  the  headwaters  of  some  of  the  streams  that  flow 
into  MUk  Biver  within  the  dome.  The  accompanying  base  map  (PL 
XVI)  is  compiled  from  the  Bowdoin,  Saco,  and  Hinsdale  sheets, 
the  township  plats,  and  the  field  notes  made  in  1916  by  members  of 
the  Geological  Survey  party. 

SURFACE  FEATURES. 

Much  of  the  area  lies  in  the  broad  valley  of  Milk  Biver,  which 
here  coincides  with  the  preglacial  valley  of  the  Missouri.^  Its  cen- 
tral part  is  covered  by  the  alluvium  of  the  old  Missouri  Biver  and 
by  glacial  drift  from  a  few  feet  to  more  than  100  feet  thick.  Milk 
Biver,  Beaver  Creek,  Whitewater  Creek,  and  Lake  Bowdoin  are  all 
superposed  on  this  glacial  drift  and  thus  have  failed  to  expose  the 
underlying  rocks  in  their  valleys.  At  Malta  Milk  Bivei*  is  about 
2^57  feet  above  the  sea,  and  at  the  Vandalia  dam  it  is  2,120  feet — 
a  fall  of  approximately  4  feet  to  the  mile  in  a  straight  line.  Beaver 
Creek  enters  this  area  from  the  south  and  falls  even  less  than  Milk 
Biver.  Whitewater  Creek,  entering  from  the  north,  probably  has 
a  fall  of  about  10  feet  to  the  mile  from  the  international  boundary. 

Much  of  the  area  is  included  in  the  Milk  Biver  reclamation  project 
and  is  owned  by  private  individuals.  A  great  deal  of  the  valley 
land  is  on  the  flood  plains  and  first  benches  of  various  streams  and 
has  a  gumbo  soil,  but  it  can  be  made  to  yield  good  crops  of  blue 
joint  and  alfalfa  by  the  use  of  water.  Above  the  bottoms  there  are 
large  areas  of  comparatively  level  land  covered  with  glacial  drift 
which  are  too  high  to  be  irrigated  but  which  produce  good  crops  of 
grain  by  dry-farming  methods.  North  and  south  of  the  valley  are 
highlands  or  benches  that  rise  to  elevations  of  200  to  600  feet  above 
the  valley  floor.    Between  these  higher  lands  and  the  bottom  of  the 

^  Calhoan,  F.  H.  H.,  The  Montana  lol)e  of  the  Keewatln  ice  sheet :  U.  S.  Geol.  Snryey 
Prof.  Paper  50.  pp.  46,  46,  1906. 
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valley  are  steep  slopes  on  which  the  bedrock  is  exposed  in  many 
places  and  some  badlands  have  been  formed.  The  dome  structure 
has  been  ascertained  from  these  exposures  bordering  the  valley,  for 
within  the  valley  itself  bedrock  can  not  be  seen. 

STRATIGRAPHY. 

GENE&AL  SEOTIOK. 

The  sedimentary  rocks  in  northeastern  Montana  range  in  age  from 
Cambrian  to  Recent,  but  only  the  Upper  Cretaceous  Claggett  shale, 
Judith  River  formation,  and  Bearpaw  shale,  and  some  of  the  more 
recent  surficial  deposits  are  exposed  in  the  immediate  vicinity  of 
the  Bowdoin  dome.  The  information  regarding  the  rocks  below 
the  Claggett  shale  was  obtained  from  observations  in  the  Little 
Rocky  Mountains,  about  50  miles  to  the  southwest;  that  regarding 
the  Claggett  and  higher  formations  was  obtained  from  a  study  of  the 
outcrops  around  the  dome  itself.  The  time  spent  in  the  Little 
Rockies  was  too  short  to  enable  the  geologists  to  determine  very 
definitely  the  thickness  and  character  of  the  formations  that  may  be 
the  source  and  receptacle  of  oil  and  gas.  The  relations  of  the 
strata  above  the  Madison  limestone  are  determined  from  only  one 
set  of  measurements  made  on  the  east  side  of  the  mountains,  and 
the  determinations  may  be  in  error  because  of  changes  in  dip  or 
unrecognized  faults.  Owing  to  the  poor  exposure  of  bedrock  in 
parts  of  this  section  it  is  possible  that  sandstones  are  present  which 
were  not  recognized  as  such.  The  results  of  the  measurement  east 
of  the  Little  Rocky  Mountains  and  observations  around  the  Bowdoin 
dome  are  shown  in  the  following  table : 
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General  section  of  the  rocks  of  the  Bowdoin  dome,  Montana, 


Bystom. 

Sflries. 

Group. 

Fomiatioii. 

Thick- 
ness 

Character. 

ReoflDt 

Silts  In  the  flood  plains  of  streams. 

Plditooene. 

Scattered  oystalline  boulders;  gla- 
cial moraines. 

Qjaatanmry, 

Silt,  sand,  and  gravel  depcsited 
along  the  old  channels  of  the  Mia- 
sourf,  Musselshell,  and  other 
streams  before  the  end  of  the  gla- 
cial epoch. 

Oiavel  hitentratifled  with  yellow- 
ish sOt  at  an  altitude  of  800  f^et 
above  Milk  River  valley.  May 
possibly  be  late  Pliocene. 

Upper  Crete- 
oeoiu. 

Bearpaw  shale 

ffiO- 
1,000 

Dark-giay  shale;  forms  gumbo  soIL 

Jadlth  River 
formation. 

400 

Light-gray  day  and  irrecular  beds 
of  gray  and  brown  sandstone. 

9 

Oaggett  shale. 

750 

Dark-gray  shale;  forms  gumbo  soO. 
About  500  feet  exposed  in  Bow- 
doin  dome. 

Bagle(r)  sand- 
stone. 

lOOi: 

Light-gray  sandstone;  forms  a  low 
ridge;  contains  limestone  concre- 
tions in  its  upper  part. 

Cokndo. 

875 

Bluish-gray  to  black  shale;  contains 
limestone  concretions  and  marine 
foesils. 

CratMeoos. 

60:1: 

LUht-oray  sandstone,  capped  by  a 
chin  iimMtnn^t  oontatnlTig  numer- 
ous gastropods. 

ws± 

Bluish-gray  to  black  shale. 

Mowry  shale. 

lOOi: 

Platy  shale  or  sandstone,  whldi  is 
in  places  dark-colored  but  weath- 
ers white;  contains  numerous  fUh 
scales;  yields  traces  of  oil  by  dia- 
tillatkm. 

Lower  Creta- 
ceous. 

Kootenal(r) 
formation. 

825db 

Mainly  shale  but  Incfaides  some 
poorly  defined  sandstone.  In 
lower  part  red  and  purple  shales 
were  noted.  A  bed  of  firedi-water 
sandstone  and  carbonaceous  shale 
with  fragments  of  woody  stems 
near  the  base. 

TOTMriC. 

Upper  TutmbIc. 

Ellis     forma- 
tion. 

aoo± 

Massive  whlteand  yellow  sandstone. 

200± 

Shale  onntaining  BdemnUtt. 

OvbonUiBroiB. 

MteiaBlppJan. 

Madison  lime- 
stone. 

Massive  limestone. 

198        CONTBIBUTIONS  TO  ECONOMIC  GEOLOGY,  VBfVl,  PABT  H. 

KADISOK  IiIHESTOHE. 

The  Madison  limestone  is  the  most  striking  formation  surround- 
ing the  Little  Bockies.  It  is  the  encircling  girdle  of  the  mountains 
in  which  the  picturesque  canyons  of  the  streams  are  cut.  Seen  from 
the  east  these  rocks  appear  like  a  great  horizontal  stratum,  but  on 
closer  examination  they  are  found  to  be  turned  up  at  high  angles, 
and  in  the  small  outliers  they  are  continuous  over  the  tops  of  the 
hills.  The  rocks  surrounding  the  Black  Hills  show  a  similar  relation, 
and  the  Little  Rocky  Mountains  have  been  described  as  being  a 
miniature  reproduction  of  the  Black  Hills.  The  Madison  limestone 
is  several  hundred  feet  thick.  It  is  fossiliferous  throughout,  and 
from  the  collections  made  G.  H.  Girty  has  identified  at  lecust  22 
species  and  has  determined  the  formation  as  identical  with  the  Madi- 
son limestone  of  Yellowstone  Park  and  other  localities  in  Montana. 
It  is  of  early  Mississippian  (lower  Carboniferous)  age,  and  in  this 
area  is  a  massive  limestone. 

ELLIS  FOBMATIOK. 

Overlying  the  Madison  limestone  is  a  formation  composed  of 
shale  and  shaly  and  sandy  limestones  in  its  lower  part  and  sandstone 
and  shale  in  its  upper  part,  and  having  a  total  thickness  of  about  500 
feet  In  its  lower  part  it  carries  numerous  specimens  of  Belemmtes 
and  Grryphaea.  The  detail  of  this  part  of  the  formation  is  as  fol- 
lows: 

Section  of  lower  part  of  the  Ellis  formation  in  the  Bowdoin  domet  Mont, 

Shale  with  Interbedded  sandstone  and  limestone,  containing    Feet 
gypsum  and  carrying  abundant  fossils 100± 

Limestone,  thin-bedded,  shaly,  and  calcareous  shale  carry- 
ing fossUs 200± 

The  fauna  collected  has  been  examined  by  T.  W.  Stanton,  who  re- 
ports that  it  is  Jurassic  and  similar  to  that  of  the  Ellis  of  Yellow- 
stone Park  and  that  of  the  Sundance  formation  of  the  Black  Hills. 
As  the  Madison  limestone  is  of  Mississippian  age,  there  is  necessarily 
an  unconformity  between  it  and  the  Ellis,  but  the  field  work  was 
not  sufficiently  detailed  to  make  its  recognition  possible. 

The  upper  part  of  the  Ellis  consists  mainly  of  light-colored  sand- 
stone.   The  detail  of  the  section  as  seen  at  one  locality  is  as  follows: 

Section  of  the  sandstone  in  the  upper  part  of  the  Ellis  formation  in  the  Bow- 

doin  dome,  Mont, 

Feet 

Sandstone,  massive,  white,  cross-bedded 50± 

Shale,  variegated 50± 

Sandstone,  yellowish,  thin  bedded 100± 
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KOOTENAI  (P)  FOBUATIOK. 

Variegated  shale  interbedded  with  yellow  and  brown  sandstones, 
not  well  exposed  in  any  part  of  the  area  examined,  overlies  the  Ellis. 
The  shale  may  be  blue,  green,  red,  or  gray  in  place&  The  thickness 
given  in  the  table  (825  feet)  was  determined  by  one  measurement 
and  is  only  approximate.  From  100  to  200  feet  above  the  massive 
sandstone  of  the  Ellis  there  is  in  one  exposure  a  carbonaceous  sand- 
stone or  sandy  shale  containing  woody  fragments  and  poorly  pre- 
served plant  stems.  In  an  exposure  several  miles  away  a  conglom- 
erate bed  5  feet  thick  was  noted,  but  no  measurement  was  made  and 
its  exact  place  in  the  column  can  not  be  stated.  This  formation  is 
thought  to  be  equivalent  to  the  Kootenai  (Lower  Cretaceous)  of 
other  parts  of  Montana,  though  it  may  also  include  a  representative 
of  the  Morrison  formation. 

MOWBY  SHALE. 

Above  the  Kootenai  (?)  formation  a  very  well  marked  siliceous 
shale  has  been  recognized  at  several  localities  and  is  the  highest  for- 
mation described  by  Weed  and  Pirsson  in  their  paper  on  the  gedogy 
of  the  Ldttle  Rockies.  When  fredily  broken  it  is  dark  brown  or 
black,  but  on  weathering  it  becomes  light  colored  and  breaks  into 
porcelain-like  debris.  It  is  characterized  by  the  presence  of  fish 
scales,  some  of  which  can  be  found  on  nearly  every  piece  examined, 
and  in  some  places  the  trails  of  small  marine  animals  were  also 
found.  Many  reports  of  geologists  working  in  Montana  and  Wyo- 
ming mention  a  shaly  member  containing  fish  scales  and  place  it  in 
the  lower  part  of  the  Colorado  group  as  the  Mowry  shale,  with  which 
this  formation  is  correlated.  Its  outcrop  around  the  Little  Bocky 
Mountains  is  distinguished  by  a  low  ridge  covered  with  small  pines. 
The  formation,  however,  may  have  a  much  more  important  relation 
to  the  Bowdoin  dome  than  merely  as  a  horizon  marker — ^that  is,  it  is 
thought  to  be  a  shale  from  which  oil  may  be  obtained  by  distillation. 
A  small  fragment  of  the  shale  was  tested  by  distillation,  and  al- 
though only  a  slight  indication  of  oil  was  obtained  it  seems  almost 
certain  that  the  formation  would  yield  some  oil  if  properly  sampled 
and  tested.    The  thickness  of  the  formation  is  about  100  feet. 

OOLOUABO  GBOTTP  ABOVE  THE  MOWBY  SHALE. 

The  part  of  the  Colorado  group  above  the  Mowry  consists  of 
three  formations  to  which  it  is  not  thought  advisable  to  apply  any 
of  the  formation  names  used  elsewhere  in  Montana  without  fur- 
ther field  examination.  Their  total  thickness  is  about  1,260  feet 
and  their  detail  is  as  follows : 
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Above  the  Mowry  shale  there  is  about  325  feet  of  dark-blue  shale, 
which  differs  slightly  in  color  from  the  dark-gray  gumbo  shale 
higher  in  the  section.  The  exposures  seen  are  not  continuous,  and 
little  can  be  said  of  the  detail  of  this  part  of  the  section: 

Above  the  blue  shale  is  sandstone  capped  by  a  foot  or  more  of 
impure  limestone  containing  fossil  gastropods  and  pelecypods,  which 
have  been  identified  by  T.  W.  Stanton  as  belonging  to  the  Benton 
shale.  The  stratigraphic  position  of  this  sandstone  above  the  Mowry 
shale  is  almost  identical  with  that  of  the  Frontier  formation  of 
Wyoming  and  southern  Montana.  The  thickness  of  the  sandstone 
could  only  be  estimated,  and  is  given  in  the  table  as  about  60  feet. 
The  sandstone  was  seen  at  three  localities,  where  it  formed  a  low 
ridge.  If  this  sandstone  is  continuous  to  the  northeast  as  far  as  the 
Bowdoin  dome  it  should  form  a  good  reservoir  for  oil  or  gas,  and 
it  should  be  reached  by^the  drill  before  the  attempt  to  find  oil  in  this 
dome  is  abandoned. 

Above  the  sandstone  is  a  great  thickness  of  bluish-gray  to  black 
shale, -much  of  which  is  covered  and  concealed.  The  shale  may  in- 
clude some  sandstone  or  sandy  phases  that  were  not  seen  during  the 
examination.  The  total  thiclmess  of  the  shale  is  about  875  feet  It 
is  known  to  contain  Baculites^  a  few  specimens  of  which  were  col- 
lected from  concretions. 

EAOLE  (P)   SANDSTONE. 

The  Eagle  (?)  sandstone,  which  lies  above  the  shale  last  described, 
is  marked  by  a  ridge  about  80  feet  above  the  surroimding  country. 
The  top  of  the  ridge  is  covered  with  large  limestone  concretions, 
below  which  sandstone  shows  in  some  places.  One  imperfect  fossil 
was  found  in  this  sandstone,  but  it  is  probably  not  determinable. 
The  same  sandstone  was  seen  at  a  locality  about  3  miles  southeast 
of  the  point  where  the  section  was  measured,  and  although  it  was 
not  closely  studied  it  was  thought  to  be  about  100  feet  thick.  This 
sandstone  is  about  760  feet  below  the  base  of  the  Judith  River  for- 
mation, and  if  it  is  the  Eagle  sandstone  it  proves  that  the  over- 
lying formation  varies  a  great  deal  in  thickness,  for  the  Eagle  sand- 
stone is  described  by  Stebinger^  as  being  350  to  500  feet  below  the 
base  of  the  Judith  River.  In  the  area  studied  by  Stebinger  it  con- 
sists of  gray  shale  and  sandstone  in  its  upper  part  and  white  to 
buff  massive  sandstone  in  its  lower  part  and  is  from  250  to  400  feet 
thick.  This  sandstone,  if  it  extends  as  far  to  the  northeast  as  the 
Bowdoin  dome,  is  of  importance  in  that  it  may  contain  oil  or  gas. 
The  gas  that  has  been  f oimd  in  the  Bowdoin  dome  probably  comes 
from  the  Eagle  ( ? )  sandstone,  for  it  is  estimated  to  be  about  850 

>  stebinger,  Eugene,  Po9filblliticB  of  oU  and  gaa  In  north-central  Montana :  U.  8.  Geol. 
Surrey  Bull.  641,  p.  53,  1916. 
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feet  below  the  base  of  the  Judith  Biver  formation.  In  the  Porcu- 
pine dome,^  south  of  this  region,  between  Missouri  and  Yellowstone 
rivers,  the  Eagle  sandstone  is  lacking,  being  represented  by  shale. 

OULOOETT  STTATiE, 

The  Claggett  shale,  which  overlies  the  Eagle  (?)  sandstone,  is,  by 
the  single  measurement  made  east  of  the  Little  Socky  Mountains, 
750  feet  thick.  In  the  region  investigated  by  Stebinger  it  is  from 
350  to  500  feet  thick.  It  consists  of  dark-gray  shale,  containing 
marine  fossils  and  carries  a  great  deal  of  gypsum,  concretions  of 
aragonite,  and  calcite.  3fuch  of  the  aragonite  shows  cone-in-cone 
structure.  The  driller  of  a  well  in  the  Claggett  shale  reported  pass- 
ing through  22  inches  of  very  hard  rock,  and  it  is  probable  that  he 
encountered  one  of  these  hard  concretions.  About  400  feet  of  this 
shale  is  exposed  in  the  center  of  the  Bowdoin  dome.  Exposures 
along  Milk  Biver  on  the  west  side  of  the  dome  present  the  following 
relations  of  the  Claggett  to  the  overlying  Judith  Biver  formation : 

CotUact  of  Judith  River  and  Claggett  formations  west  of  the  Bowdoin  dome, 

Mont', 

Feet. 
Typical  Judith  River  formation: 

Shale  resembling  the  Claggett 60± 

Sandstone  like  the  Judith  River  but  containing  marine 

fossils ^ 20±     . 

Typical  Claggett  shale  containing  many  Baculiiea, 

North  of  the  Bowdoin  dome  the  section  is  about  as  follows: 

Contact  of  Judith  River  and  Claggett  formations  north  of  the  Bowdoin  doms, 

Mont, 

Feet 

Typical    Judith   River  formation:  Shale   containing   fossils 

similar  to  those  in  the  marine  sandstone 50± 

Typical  Claggett  shale. 

On  the  south  and  east  sides  of  the  Bowdoin  dome  the  marine  beds 
that  resemble  the  Judith  Biver  are  lacking,  or  at  least  were  not 
found.  The  upper  part  of.  the  Claggett  consists  of  brownish  shale 
without  Baculites  and  with  little  gypsum  and  aragonite. 

JUDITH  BIVEB  F0BKATI09. 

Above  the  Claggett  lies  the  Judith  Biver  formation,  which  is  esti- 
mated, from  several  imperfect  measurements,  to  be  from  400  to  425 
feet  thick.  The  outcrop  of  the  Judith  Biver  surrounds  the  Bowdoin 
dome  and  marks  its  area,  standing  out  as  a  light-colored  formation 

*  Bowen,  C  F^  PomtbUltlM  of  oU  in  the  Porcupine  dome,  Roteb^d  Coiintj,  Mont. :  U.  8, 
GfoU  SvTty  BalL  821,  p.  88, 1010. 

W8M*-BuU.  661-18 14 


V, 


202        CONTRIBUTIONS  TO  ECONOMIC  GEOLOOlf,  19VI,  PABT  n. 

in  the  bills  oh  aU  sides.  This  formation  consists  of  hard,  brown 
sandstone ;  soft,  friable,  light-colored  sandstone;  and. light-gray 
shale;  l:)ut  at  no  point  in  the  formation  were  any  beds 'found  that 
could  be  traced  far  enough  4o  mark:  definite Jiorizons.    In  describing 

this  formation  Stanton  and  Hatcher  ^  say : 

---'-■  .      .       » 

•  A  detailed  section  taken  at  any  point  Is  of  little  value,  since  a  similar"  sec- 
tion made  at  a  distance  of  X)nly  a  mile  or  two  would  give  a  quite  different 
sequence*  o^  the  alternating  strata  of  sandstones  arid  shales. 

.;  Some  of  the  details  of.  this  formation  may  be  seen  from  two  sec- 
tions made  in  its  upper  part  on  the  east  side  of  Rock  Creek,  as  f ol- 
lowdi  .'  "        .  ^ 

Section  *of  Ju^th  River  formation  on  eo^t  canyon  wM  of  ^ook  Creeks  in 

sec.  20,  T.  S4  N.,  R.  36  E.         ' 

Bearpaw  shale.                                                             •     >  Ft.  1ik 

Sandstone, -massive,  grayish,  with  iron  concretions  seat*  . 

•     tered  or  in  beds ;  weathers  yellowish ;  some  red  bands ;  * 

cross-bedded 32  0 

Shale,  brown,  In  places  approaching  lignite 2  0 

Sandstone,  soft,  yellowish  grayv  and  gray  shale '. 23  0 

Lignite 6 

Shale,  brown : 1  0 

Shale,- gray.^^^i ^. : 4  0 

Shale,  dark,  carbonaceous 6 

Shaler  gray, -and  sandstone 5  0 

Lignite 4 

Shale,  brown 8 

Shale,  gray 6  0 

Shale,  brown 3  0 

*      Sandstone,  soft,  with  Iron  concretions : i  0 

Shale,  sandy,  brown _^ 2  0 

Sandstone,  soft,  gray _ _ 6  0, 

\    '    Shale,  gray,  clay _ 4  0 

Shale,'  brbwh__ ^ _,  *    3  0 

Sandstone,  soft,  gray,  and  sandy  shale 9  0 

.  '  Sat^stone;  concretion  bed- ,— :._: .  •!  0  - 

^    Shale,  softi  sandy,  gray ^-^ i-^i _-.—,-«  5  Q..         • 

.  Sandstone;, Iron-concretion  bed i  0 

Shale;  blue  and  gray. _ '__^  4  (J' 

Ck>ncretion — .— -^— - — '^J. 1 i-  <) 

Shale,  gray 4  0 

Shale,  brown™^l-_mLl-II_mi-i:_-_YJ^I_I__J__lJ: 2  0 


Sanjlstgne,  soft,  gray  and  yellow_-___ . ly      0   .  ,' 

'  •  Sandstone,-  inasslve;  weathers  brown,   arkoslc   tc<»'^io-   '  •       ' 
.  -     '  ing  nuK^h.'fetdspatlifo  and  .f&rromagiiMlaa  materiaf)';  .  .     ':  . 

:      fSnarfcoAsplciious  ledgesj-.l---^:^-.— .:.J-* :— *-.^  r  7^0/ 

.  Sandstone,  soft,  graj;  fliome  shale ..^ ;. 20     0 

_     Base  not  exposed.  — '■ 

".     ,     "V  ...    165      0^  . 

1  Rtanton,  T.  W.,  and  Hatcher.  J.  B.,  Geology  and  pBieontoiofify  "vt'  th«  ifiMtltir'  W^^ 
"L  8.  Gool.  Burrej  Bull.  267,  p.  84,  1905.  ^: I—      '     '    " 


*  » • 
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Section  of  Judith  River  formation  in  east  canyon  toall  of  Rock  dreek,  near  line 
J>et4€een  sec.  SB,  T,  S4  N.,  R.  S6  B.,  and  %ec.  i,  T,  S3  N,,  R.  36  E. 

Glacial  gravel.  Ft    in. 
Sandstone,  massive,  gray^,  weathers  yellow  or  reddish; 

some  thin  beds;  cross-bedded 47  0 

Shale,'  gray 6  0 

Sandstone,  soft,  gray 2  0 

Shale,   gray , 1 4  0 

Shale,  brown 3  0 

Shale,  gray '^_      2  0 

Shal^,  brown .    i  o 

Sandstone,  soft,  gray , 5  0 

Shale,  brown,  with  8  inches  of  lignite 2  0 

Shale,  gray 5  0 

,    Shale,  brown 6  0 

Shale,  blue 2  0 

Sandstone,  soft : 9  0 

Shale,  brown 1  6 

.   Sandstone,  soft,  gray 3  0 

Shale,  blue-gray 5  0 

Concretions 6 

Sandstone,  soft,  massive,,  gray 18  0 

Shale,  brown , 8 

Lignite ^ '. 4 

Shale,  brown , 5  0 

Shale,  blue-gray 12  0 

Shale,  brown 1  0 

Shale,  Bfmdy l 6  0 

Sandstone  concretion 1  o 

Shale,  gray . 10  0 

Sandstone,  soft,  gray , 13  0 

Shale,  dark 3  0 

Sandstone,  soft,  gray,  and  sandy  shale 14  0 

Shale,  brown '. 2  0 

Sandstone,  massive,  soft,  gray  or  yellowish,  weathering 
yellowish ;  certain  beds  weather  out  as  massive  reddish 
layers  or  as  huge  concretions;  shows  some  cross- 
bedding 101± 

Bafle  not  exposed. ' 

291± 

The  base  of  this  formation  is  not  very  definitely  marked  and  can 
not  everywhere  be  separated  from  the  upper  part  of  the  Claggett 
sh^le.  Its  contact  with  the  overlying  Bearpaw  shale  is  much  more 
definite,  although  it  has  been  seen  in  only  a  few  places.  The  upper 
part  of  the  formation  consists  of  a  massive  sandstone  in  the  two 
sections  cited  and  in  the  neighborhood  of  the  Little  Rocky  Moun- 
tains. At  other  points  in  the  field  this  massive  sandstone  is  not 
prominent,  and  in  one  or  two  places  a  small  bed  of  lignite  has  been 
mined  within  a  few  feet  of  the  top.  Stanton  and  Hatcher  report  a 
layer  of  breccia  consisting  of  shells  of  Ostrea  subtrigonaUs  near  the 
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top  of  the  Judith  Biver  formation  as  its  most  persistent  horizon 
marker,  but  such  beds  were  not  seen  at  any  point  in  the  neighborhood 
of  the  Bowdoin  domew 


The  Bearpaw  shale,  from  800  td  1,000  feet  thick,  overlies  the 
Judith  Biver  formation.  It  consists  essentially  of  dark-gray  shale 
which  forms  a  gumbo  soil  and  presents  a  monotonous  and  uninter- 
esting landscape.  This  shale  is  exposed  in  many  places  along  escarp- 
ments and  canyons  and  forms  badlands  which  lack  the  variety  due 
to  the  presence  of  harder  beds.  The  fossils  are  all  of  manne  types ; 
Baculites^  Inocercmius^  and  oysters  are  very  abundant,  and  occasion- 
ally the  remains  of  a  gigantic  marine  saurian  are  found.  Much  of 
the  formation  contains  limy  concretions,  the  lime  being  in  the  form 
of  aragonite,  showing  cone-in-cone  structures  or  appearing  like  the 
stumps  of  large  trees.  Calcite  also  is  present  in  many  of  these  con- 
cretions. The  formation  contains  more  or  less  gypsum,  in  the  form 
of  plates  of  selenite  or  in  uncrystallized  forms  and  replacing  the 
calcite  of  oyster  shells. 

EABLT  FLEISTOCEirE  OB  I«ATE  PUOCEinB  GBAVEL. 

A  formation  consisting  of  more  or  less  cemented  gravel  inter* 
bedded  with  yellow  silt  overlies  the  Judith  Biver  and  Claggett 
formations  at  an  altitude  of  300  feet  above  Milk  Biver  north  of  the 
mouth  of  Little  Cottonwood  Creek.  Seen  from  a  distance,  it  can 
easily  be  mistaken  for  the  Judith  Biver  formation.  A  single  fossil 
tooth  was  collected  from  this  material  and  submitted  to  Dr.  J.  W. 
Gidley,  of  the  National  Museum,  who  identified  it  as  a  horse  tooth 
resembling  those  of  the  living  species. 

PLEISTOCENE  ALLTTVrQM  AND  GI«ACIAIi  DBIFT. 

The  gravels  and  silts  brought  down  by  Missouri  Biver  when  it 
occupied  the  present  valley  of  Milk  Biver,  before  the  invading  ice 
had  forced  it  to  flow  through  the  narrow  gorge  south  of  the  Liarb 
Hills,  appear  here  and  there  along  Milk  Biver,  and  such  deposits 
are  worked  as  gravel  beds  near  Malta  and  Lake  Bowdoin.    They 
probably  have  a  very  wide  distribution,  but  sediments  of  this  kind 
are  generally  covered  by  glacial  debris  that  was  brought  in  by  the 
ice  when  the  Missouri  was  forced  to  abandon  its  old  channel.    Much 
of  this  glacial  drift  is  in  the  form  of  boulders  strewn  over  the  sur- 
face, but  in  the  northern  part  of  the  area,  especially  along  White- 
water Creek,  the  material  is  very  thick  and  shows  the  topography  of 
a  glacial  moraine. 
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The  deposits  of  alluvium  and  glacial  drift  are  of  considerable 
importance  in  the  study  of  the  Bowdoin  dome,  for  they  very  effec- 
tively cover  and  conceal  the  underlying  rocks  and  render  it  impos- 
sible to  observe  the  center  of  the  dome,  about  which  little  can  be 
learned  without  the  aid  of  the  drill. 

STRUCTURE. 

The  structure  revealed  by  the  Judith  River  formation  in  its  out- 
crop around  the  valley  of  Milk  Eiver  is  that  of  a  very  broad,  flat 
dome.  The  dips  of  the  sandstone  are  so  low  as  not  to  be  detected 
by  the  unaided  eye  and  are  best  recorded  in  feet  to  the  mile.  There 
is  no  place  around  the  dome  where  a  dip  as  high  as  1°  has  been  found. 

On  the  northeast,  east,  and  southeast  sides  of  the  dome  the  beds 
dip  eastward  for  many  miles;  on  the  west  side  there  is  a'  westerly 
dip  for  about  3S  miles  to  the  neighborhood  of  Cherry  Ridge.  On 
the  southwest  the  dips  flatten,  the  top  of  the  Judith  River  sandstone 
being  about  100  feet  above  the  river  at  Coberg,  28  miles  from  Malta, 
and  outcrops  of  the  same  formation  are  reported  to  occur  at  intervals 
for  many  miles  along  the  railroad.  A  dip  to  the  south  is  indicated 
by  the  outcrops  of  the  Lance  and  Fort  Union  formations  near  Mis- 
souri River.  The  only  place  where  a  dip  large  enough  to  be  meas- 
ured by  a  clinometer  was  found  is  in  the  Bearpaw  shale  in  sec.  36, 
T.  36  N.,  R.  36  E.,  30  miles  northwest  of  the  d(Mne.  Here  an  inclina- 
ti(m  of  5^  northeast  was  recorded,  but  though  search  was  made  for 
similar  dips  in  the  rocks  northwest  and  southeast  of  this  locality 
they  could  not  be  found.  It  must  be  noted  that  dips  in  shale  alone 
are  difficult  to  determine,  and  that  many  shale  beds  show  small 
superficial  inclinations. 

Along  the  outcrops  of  the  Judith  River  formation  there  are  large 
blocks  of  sandstone  which  have  broken  away  and  slid  down  the 
slopes.  A  notable  instance  of  such  slumping  is  to  be  seen  near  the 
mouth  of  Cottonwood  Creek,  where  a  large  block  lies  on  the  east 
side  of  Milk  River  and  has  been  tilted  so  that  its  bedding  is  not 
parallel  with  that  of  its  original  position.  Features  of  this  kind 
are  very  suggestive  of  faults,  but  it  is  thought  that  no  real  faults 
are  present 

The  amount  of  dip  can  be  seen  along  Milk  River  between  Hins- 
dale and  Tampico.  In  this  distance  the  fall  of  the  river  is  so 
slight  as  to  be  negligible  and  the  outcrop  of  the  Judith  River  for- 
mation, about  400  feet  thick,  is  about  10  miles  wide.  The  dip  to 
the  east  shown  here  is  estimated  to  be  approximately  60  or  61  feet 
to  the  mile,  which  is  equivalent  to  iV.  Along  Eagle  Creek  in 
T.  33  N.,  Rs.  36  and  37  E.,  a  dip  of  60  feet  to  the  mile  to  the  north- 
east was  determined  by  survey  with  a  plane  table  and  telescopic 


the  Cherry  Hidge  quadrangle  to  their  mouths,  whose  altitude  -ia 
known. 

It  must  also  be  borne  in  mind  that  in  the  northern  part  ot.the  6dd 
the  outcrops  are  in  many  places  concealed  by  thick  deposits  of  g^scikl 
drift,  which  make  the  work  of  the  geologist  more  difficult  wid  n»; 
render  it  impossible  to  determine  where  Uie  particular  foimatioBS 
lie  without  the  aid  of  a  drill.  The  structure  contours  oa  the  Inse 
of  the  Judith  Siver  formation  were  first  drawn  for  the  areas  in  wluoh 
outcrops  were  available  and  then  continued  at  the  same  dip  orer  tfae 
areas  in  which  the  base  of  the  formation  had  been  eroded,  or  w«s«o 
concealed  as  not  to  be  found.  :  •     ; 

ipi.W  It.  ^ 
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In  SO  broad  a  feature  as  the  Bowdoin  dome  minor  folds  that  wojuld. 
make  parts  of  the  area  mpre  favorable  than  others  for  the  accumula-: 
tion  of  oil  or  gas  are  to  be  expected,  but  the  field  work  has  not,bew 
sufficiently  detailed  to  discover  them  if  they  exist 

One  questionable  feature  of  the  Bowdoin  dome  is  its  flatness  and 
the  low  4ip  (less  than  1^)  of  the  surrounding  rocks.  Ma^y.fold&in 
the  Ohio  and  Oklahoma  oil  fields.^  that  have  dips  as  low  as  those 
recorded  in  this  field  carry  oil  and  gas,  but  such  folds  have  not  been 
found  to  be  oil  bearing  in  the  fields  on  the  flanks  of  the  Bocky  Moun- 
tains. The  Glendive  anticline,  Montana,  which  carries  gas,  is  marked 
by  dips  as  high  as  10^  to  30*^  on  the  southwest  side  and  5^  on  the 
northeast.'  The  Salt  Creek  dome,  Wyoming,  which  yields  oil,  has 
dips  onjthe  northeast  slope  of  8^  to  10^  and  on  the  southwest  slope  of 
15^  to  20^.'  The  size  of  the  Bowdoin  dome  is  comparable  to  that  of 
the  Porcupine  dome,  near  Porsyth,  Mont.,  in  which  ho  wells  have 
been  sunk.  The  dips  are  higher  in  the  Porcupine  dome,  being  1^  to  8^ 
on  the  north  and  east  sides  and  1^  to  4^  on  the  west  side.*  The  struc- 
ture of  the  Bowdoin  doihe  differs  markedly  -from  that  near  the  gas 
well  at  Havre,  which  is  probably  due  to  an  upturned  fault  block' of 
the  earth's  crust.*    • 

APPUCCATION  OP  THE  ANTICIiXNAIi  THBORY. 

The  anticlinal  theory  relating  to  the  accumulation  of  oil  and  gas, 
which  in  one  form  or  another  has  been  found  to  account  for  nearly 
all  the  large  oil-producing  fields  in  America,  requires,  the  presence 
of  an  impervious  layer,  such  as  shale,  overlying  beds  of  more  open 
texture,  such  as  sandstone,  and  below  or  within  the  open-textured 
beds  disseminated  oil  and  gas  or  beds  from  which  these  substances 
may  be  derived.  The  whole  of  this  series  of  rock  must  be  folded^ 
producing  anticlines  or  domes  and  synclines  or.trpughs.  In  satun 
rated  rocks  oil  and  gas  collect  in  the  anticlines — ^that  is,  the  liigh 
parts^^while  water  seeks  the  lower  level  in  the  sjrnclines.  The 
Bowdoin  dome  has  a  moderate  anticlinal  structure;  an  impervious 
layer  is  supplied  by  the  Claggett  shale;  and  the  oil.  or  gas  .may  be 
concentrated  in  the  Eagle  sandstone  at  a  depth  of  40b.  to  60()  feet, 
in  the  sandstone  at  a  depth  of  about  1,600  feet,  in  the.Mowry  shale 
at  about  2,l00  feet,  or  in  some  one  of  the  deeper  sandstones.  ^  The 

.    K  '       '  '  '  '    ■  '   .  *  •  •  •  ...''.'''■  t    .  ^ 

'^tBondit;*  D'. 'D.>  Strnctvre  of  tbe  Berea  oil  sand  In  the  WoodsJBeM  -qoiuSntiigle,'  Olifor 
U.  S.  OmL  Sarvey  BalL  e21>  pp.  238-249r  1916.  Smltb,  G.  D.,  Tlie  Olena  oU  ^  .ga% 
pool,  Okla.:  U.  S.,Geol.  Survey  Bull.  641.  pp.  84-48,  1914. 

'-Culvert;  W.  B.,  Ll^ite  flelde'  of  easterti  Montana :  U.  8.  'GeoL  %yar9ef  Ball.''  471^ 
pi  201.  1912.  ...  .     .    ^    '  '  ^     '      . .  ^ 

*Wegemann.  C.  H.,  The  Salt  Creek  oil  field.  Wyo. :  U.  S.  Geoi.  Survey  Bull,  ijsis^ 
p.  54,  1911.  .....;• 

*Bowen«  C.  F.,  PoMlbilitles  of  oil  In  the  Porcupine  dome.  Boeehad  County,  M<Mit: 
U.  Jk  Gaol. purvey  Balk  621,  p.. 66,  laiS.  ......... 

■Stebinger,  Eugene,  Possibilities  of  oil  and  gaa  in  north-central  Mf "^lUlt*  F  fli\fl*rti 
8OTS7  BaU«  641,  pp.  69-72,  1916. 


the  well.  A  contrary  report  is  that  the  gas  had  not  been  found  at  the 
time  operations  ceased,  but  that  the  well  "drilled  itself  in"*  snb- 
sequentlj.  If  this  is  true,  it  indicates  that  the  gas  ia  under  ccnsider- 
able  pressure,  but  in  view  of  the  conflicting  reports  no  definite  state- 
ment regarding  it  is  warranted.  When  visited  the  well  was  filled 
with  water  within  about  20  feet  of  the  surface,  and  it  could  not 
be  sounded  because  of  tra^  dropped  in  from  the  top  or  mud 
forced  in  from  below.  Since  the  field  season  closed  it  is  reported 
in  a  Saco  newEpaper  that  the  gas  from  this  well  is  being  used  in 
a  heating  stove.  A  well  80  feet  deep  near  Vandalia  is  also  reported 
to  have  obtained  some  gas,  but  as  it  is  entirely  in  the  Judith  Biver 
formation  this  discovery  is  not  important. 

During  the  summer  of  1916  there  was  a  great  deal  of  excitement 
in  the  search  for  oil  and  gas  in  the  vicinity  of  Saco,  and  several  com- 
panies were  formed  to  prospect.  Arrangements  have  been  made  to 
sink  at  least  three  wells  within  the  Bowdoin  dome.  Two  of  these 
are  to  be  north  of  Bowdoin  Lake  and  a  third  somewhere  north  of 
Milk  Biver,  in  the  vicinity  of  Whitewater  Creek.  The  Bowdoin 
Oil  &  Gas  Co.  has  begun  to  drill  one  of  thaae  wells  in  the  NE.  ] 
SE.  1  sec.  22,  T.  31  N.,  B.  31  E. 
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CONCLUSIONS, 

The  Bowdoin  dome  has  a  structure  which  if  found  in  Oklahoma 
or  Ohio  would  be  regarded  as  favorable  for  the  accumulation  of 
oil  or  gas.  The  surface  is  covered  by  the  Claggett  shale,  below 
which,  in  at  least  four  sandstones  that  can  be  reached  within  8,000 
feet,  there  are  chances  of  finding  oil  or  gas.  Of  these  four  the  Eagle 
sandstone  yields  gas  at  Havre,  Mont,  and  probably  it  may  yield 
gas  in  this  field.  The  Frontier  formation  carries  the  most  produc- 
tive oil,  pools  in  Wyoming,  and  the  heavy  sandstone  of  the  Ellis 
is  capable  of  holding  a  great  quantity  of  oil  and  gas.  Samples  of 
the  Mowry  shale  resemble  the  oil  shale  (shale  from  which  oil  may 
be  obtained  by  distillation)  that  has  been  prospected  in  Colorado 
and  Utah,  and  it  is  thought  that  this  formation  may  be  an  original 
source  of  petroleum.  There  are  beds  of  carbonaceous  matter  in 
the  Kootenai  (?)  rocks  which,  perhaps,  correspond  to  the  coal  beds 
mined  in  the  neighborhood  of  Great  Falls.  These  beds  may  be  a 
source  of 'oil  or  gas.  Below  the  Kootenai  (?)  there  is  a  great  thick- 
ness of  shale,  the  Ellis,  which  may  be  another  source. 

In  the  writer's  opinion  the  most  favorable  place  to  drill  is  in  the 
highest  part  of  the  dome^  which,  as  indicated  by  the  structure  con- 
tours, is  near  the  northwest  comer  of  T.  32  N.,  R.  33  E. 

At  the  present  time  nothing  can  be  predicted  with  certainty 
regarding  the  field.  The  structure,  the  positions  of  possible  soui(?es 
of  petroleum,  and  the  discovery  of  a  small  flow  of  gas  certainly 
warrant  a  test  Whether  or  not  commercial  quantities  of  oil  or 
gas  exist  must  be  left  for  the  driller  to  discover,  and  will  be  ascer* 
tained  in  the  near  future  if  the  arrangements  that  have  been  made 
are  carried  out 


THE  CORSICANA  OIL  AND  GAS  FIELD,  TEXAS. 


By  GsoRGB  C.  Matson  and  Oliver  B.  Hopkins. 


INTRODUCTION . 

The  Corsicana  oil  and  gas  field,  in  Navarro  County,  Tex.,  extends 
from  Corsicana  eastward  to  Powell  and  from  the  vicinity  of  Angus 
no]i;hward  to  Chatfield.  Productive  pools  having  an  aggregate  area 
of  nearly  50  square  miles  have  been  developed  in  a  field  that  mtosures 
20  miles  from  north  to  south  and  10  miles  from  east  to  west  Oil 
was  first  discovered  here  in  the  city  of  CorsiciEUia,  which  marks  the 
western  limit  of  the  productive  area,  and  prospecting  has  extended 
the  field  toward  the  northeast,  east,  and  southeast  from  that  city. 
The  field  may  be  divided  into  two  parts — ^the  Corsicana  district; 
^hich  lies  immediately  east  of  Corsicana  and  includes  the  Corsicana, 
Edens,  Angus,  Tilton-Havener,  and  Chatfield  pools,  and  the  Powell 
district,  which  includes  a  number  of  small  pools  in  the  area  near 
Powell  and  Mildred. 

The  Corsicana  oil  and  gas  field  is  80  miles  north  of  the  Mexia- 
Groesbeck  gas  field,  115  miles  north  of  the  Thrall  oil  field,  and  160 
miles  west  of  the  De  Soto-Bed  Biver  and  Caddo  oil  and  gas  fields. 
(SeePl.  XVIL) 

Although  the  Corsicana  field  has  been  productive  for  more  than  20 
years,  little  has  been  written  concerning  the  geologic  conditions 
under  which  oil  and  gas  occur  there,  the  age  6f  the  productive  beds, 
the  number  and  relative  position  of  the  productive  sands,  and  the 
structural  conditions  under  which  these  commercial  pools  of  oil  aiid 
gas  have  accumulated.  The  important  references  to  the  literature 
on  this  field  are  given  below. 

MUler,  T.  D.,  The  recently  developed  oU  field  of  Texas ;  Ei)g.  and  Min.  Jour., 
Jime  18,  1898,  pp.  734^735. 

Oliphant,  F.  H.,  U.  S.  Geol.  Survey  Nineteenth  Ann.  Kept,  pt.  6,  continued, 
pp.  102-105,  1808. 

PhUUpe,  W.  B.,  Texas  petroleum :  Texas  Univ.  Min.  Survey  BnU.  X  PP.  6; 
86-42,  1900.  .  ' 

Oliphant,  F.  H.,  Petroleum:  U.  S.  Geol.  Survey  Mineral  Resources,  1900,> 
pp.  578-679,  1901. 

Adams;  G.  I.,  Oil  and  gaj»  fidlds  of  the  Upper  Cretaceous  and  Tertiary  fprma- 
tiODS  of  tbe- western  Gulf  coast:  U.  S.  GeoL  Survey  Bull.  184,  pp.  54-65, 1001. 

Harris,  G.  D.,  Oil  and  gas  in  Louisiana:  U.  S.  QeoU Survey  BulL  429,  pp.  81^ 
84»  1910. 
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The  purpose  of  this  report  is  to  give  a  more  complete  accomit  of 
the  history,  production,  and  geology  of  this  field  than  has  yet  been 
given,  especially  in  regard  to  the  types  of  structure  present  and  the 
age  and  relations  of  the  different  sands.  Although  it  was  hoped 
that  the  study  of  the  region  might  lead  to  the  location  of  promising 
areas  for  prospecting,  this  was  not  the  primary  object  of  the  work, 
for  the  field  has  been  extensively  drilled  during  the  last  20  years. 
Information  obtained  from  the  study  of  this  field  should  be  appli- 
cable to  other  areas  in  the  same  general  region  where  the  geologic 
conditions  are  similar. 

The  oil  and  gas  in  the  Corsicana  field  are  obtained  from  the  upper 
part  of  the  Upper  Cretaceous,  the  light  oil  and  the  gas  in  the 
Corsicana  oil  pool  and  in  the  Chatfield  and  Edens  gas  pools  probably 
coming  from  the  Xaylor  marl  and  the  heavy  oil  and  the  gas  in  the 
other  pools  from  the  Navarro  formation.  The  relation  of  the  oil 
and  gas  to  the  geologic  structure  varies  from  place  to  place  but  is 
closest  where  there  are  well-developed  anticlines,  such  as  occur  in 
some  parts  of  the  field  that  yield  heavy  oil.  The  distributicm  of  oil 
and  gas  is  also  influenced  by  variations  in  the  porosity  of  the  sand, 
though  these  variations  are  not  as  numerous  as  in  the  deep  oil  sand 
of  northwestern  Louisii^na,  and  some  pools  several  square  miles  in 
area  have  contained  very  few  unsuccessful  wells.  The  field  reached 
its  period  of  maximum  production  in  1906,  when  more  than  1,000,000 
barrels  of  oil  was  produced.  There  appears  to  be  some  possibility  of 
extending  the  field  by  the  discovery  of  new  pools,  but  probably  the 
best  chance  for  increasing  the  production  lies  in  the  possibility  of  the 
discovery  of  deeper  producing  sands,  especially  in  the  heavy-oil 
pools  of  the  Powell  district  and  beneath  the  gas  sand  of  the  Chatfield 
pool. 
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HISTORY. 

The  oil  industry  in  Texas  may  be  considered  to  date  from  1895, 
when  the  first  successful  well  was  drilled  in  the  Corsicana  field. 
Before  that  year  the  maximum  annual  production  of  oil  in  Texas  had 
not  exceeded  60  barrels.  The  Corsicana  field  yielded  almost  the  total 
production  of  the  State  from  1896  until  the  discovery  of  the  Beau- 
mont field  in  1901. 

Although  the  discovery  of  oil  in  the  Corsicana  field  is  credited  to 
Maj.  Alexander  Beaton,^  interest  in  the  possibilities  of  the  region  was 
quickened  by  the  finding  of  oil  in  a  well  that  was  being  drilled  by 
the  city  of  Corsicana  in  the  same  year,  in  search  of  an  additional 
municipal  water  supply.  The  oil-bearing  stratum,  which  was  reached 
at  1,027  feet,  was  cased  off,  and  the  well  was  deepened  until  a  good 
flow  of  warm  water  was  obtained  at  2,470  feet.  The  seepage  of  oil, 
which  found  its  way  to  the  surface  around  the  casing,  aroused  the 
interest  of  the  citizens,  who  organized  a  company  to  test  the  area. 
The  first  well,  drilled  near  the  center  of  Corsicana  in  1895,  was 
successful  and  produced  2^  barrels  a  day. 

The  development  of  that  part  of  the  field,  which  is  known  as  the 
Corsicana  pool,  was  relatively  rapid,  and  the  productive  area  was 
extended  to  the  east,  northeast,  and  southeast  In  May,  1896,  a  well 
that  made  22  barrels  of  oil  in  the  first  24  hours  demonstrated  the 
possibilities  of  this  field  and  stimulated  drilling.  By  the  end  of  1899 
642  wells  had  been  drilled,  of  which  511  were  oil  wells,  13  gas  wells, 
and  118  dry  holes.  The  oil  from  this  field  was  first  marketed  in  1897, 
and  a  refinery  was  built  near  Corsicana  in  the  spring  of  1898  by  J.  S. 
Cullinan.  At  that  time  there  were  62  wells  in  the  field,  producing 
an  average  reported  yield  of  14  barrels  a  day.  The  production  of  this 
pool,  which  furnishes  the  light  oil  of  the  Corsicana  field,  increased 
imtil  the  maximum  yearly  output  of  763,424  barrels  was  reached 
in  1901. 

In  the  spring  of  1900  oil  was  discovered  5  miles  due  east  of  Corsi- 
cana and  also  at  Powell,  in  the  area  now  known  as  the  Powell  district, 
which  produces  the  heavy  oil  of  the  field.  Oil  was  found  here  at  a 
shallower  depth  than  near  Corsicana,  and  this  area  was  soon  exten- 
sively prospected.  The  yearly  production  of  the  Powell  district  in- 
creased from  little  more  than  6,000  barrels  in  1900  to  the  maximum  of 
673,221  barrels  in  1906. 

Not  only  the  oil  industry  but  the  gas  industry  of  Texas  may  be 
considered  to  have  originated  in  the  Corsicana  field.  In  1900,  when 
the  yearly  production  of  natural  gas  in  this  State  was  valued  at 
$20,000,*  all  the  gas  was  taken  from  the  wells  in  the  Corsicana  field. 

1  Phillips,  W.  B.,  Texas  petroleam :  Texas  UnlT.  MIn.  Survey  Bull,  1,  p.  6,  1900, 
'U.  S.  Qeol.  Surrey  Mineral  Resources,  1800,  p.  QOO*  1901, 
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This  field  continued  to  yield  almost  the  entire  production  of  Texaa 
until  1909,  when  the  gas  fields  of  Clay  County  were  developed.  Oas 
from  the  Corsicana  field  supplied  the  city  of  Corsicana  \mtil  1913, 
when  the  Mexia-Groesbeck  field  became  productive  and  gas  from  it 
was  piped  to  Corsicana.  The  pmnping  in  the  Corsicana  oil  field 
has  been  done  for  many  years  chiefly  by  gas-engines,  which  utilize 
the  casing-head  gas  obtained  from  the  wells  while  they  are  being 
pumped. 

The  small  gas  field  south  of  Chatfield  was  opened  in  1905,  and  niost 
of  the  wells  were  drilled  during  that  and  the  following  years.  The 
wells  yielded  only  a  short  time;  by  1911  tiie  casings  had  been  pulled 
and  all  the  wells  abandoned. 

SURFACE  FILATURES. 

The  Corsicana  oil  field  lies  along  the  eastern  margin  of  the  Black 
Prairie,^  a  plain  that  slopes  gently  coastward  and  is  covered  by  a 
black  calcareous  clay  soil,  from  which  it  derives  its  namQ.  Near 
Corsicana  the  altitude  of  this  plain  is  approximately  450  feet  above 
sea  level,  and  into  it  the  main  streams  have  cut  broad,  shallow  valleys, 
which  have  an  altitude  of  about  820  feet.  Between  the  valleys  and 
the  plain  above  there  are  a  nmnber  of  terraces,  which  are  separated 
from  one  another  by  low,  rounded  slopes.  Near  the  eastern  edge  of 
the  field  the  dark  plastic  clay  gives  place  to  sandy  soil,  which  charac- 
terizes the  area  to  the  east.  Near  the  western  edge  of  the  field  a  nar- 
row outqrop  of  sandy  beds  gives  rise  to  a  more  angular  surface  form 
than  is  generally  present  in  the  Black  Prairie  region.  The  soil  in 
this  sandy  belt  is  favorable  to  the  growth  of  scrubby  oaks,  which  fur- 
ther distinguish  it  from  the  surrounding  almost  treeless  coimtry. 

GEOLOGY. 

STBATIOBAFHT. 

GENEBALIZED  SECTIOK. 

The  accompanying  table  (p.  215)  contains  a  list  of  the  formations 
into  which  the  strata  that  crop  out  in  the  Corsicana  field  and  underlie 
it  at  moderate  depths  have  been  divided.  The  table  and  the  diagram 
in  Plate  XIX  show  the  order  in  which  the  formations  are  encountered 
in  well  drilling  and  the  character  and  approximate  thickness  of  the 
beds  that  compose  the  formations. 

The  NavarrQ  and  Midway  formations  crop  out  in  the  Corsicana 
field;  the  underlying  formations  are  exposed  farther  west  and  dip 

1  Hill,  R.  T.,  Geography  and  geology  of  t^ie  Bl«<ck  and  Oamd  pralrleib  TOi  •  ^-  ^ 
(xeol.  Snrvey,  Twenty-first  Ann.  Rept,  pt  7,  pp.  60-68,  1901. 
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SKETCH  MAP  SHOWING  THE  LOCATION  OF  THE 
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nndel^  this'  area.  Within  this  field  the  deep  wells  drilled  for  water 
have  reached  the  Woodbine  sand.  ^Oil  and  gas  occur  in  the  Taylor 
and-Nararro  formations,  and  warm,  slightly  saline  water  occurs  in 
the  Woodbind 
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SykUm. 

* 

.  Scries. 

Oroap. 

FormatioD. 

Thickness 
(feet). 

Chsoatfter.    > 

QuAtorxiaryl ' 

Beovit. 

• 

• 

• 

AUirrial  d«|»8its  tJmk 
streams. 

> 

Plebtocene. 

Terrace  deposits.' 

1 

Bobene. 

• 

mdway  fonni^ 
ion. 

250-500 

Micaceous  sandy  days, 
fine  argillaceoaa  sands, 
and  limestone  ooncr^* 
tions. 

» 

aolf  (Upper 
Cretaoe- 
oas). 

1 

Navarro  forma- 
tigo.     . 

1,800-2,000 

Light  to  dark  gray  cal- 
careous clay,  sandy 
clay,  and  fine  l^tiou- 
lar  beds  of  sand. 

'{aylor^narl. 

Massive  calcareous  clay 
marl,  little  Or  no  sand, 
and  glauoonite. 

Aostiltohalk. 

400^500 

Gray  to  white  chalky 
limestone  containing 
some  hard  beds. 

Bagle   Ford 
shale. 

300^400 

LiKht  to  dark  colored 
shale  or  clay  and  thin- 
ly laminated  impure 
limestone. 

- 

Woodbine  sand. 

400-450 

Sand,  sandy  lignitio  clay, 
sandstone,  ferruginous 
sand,  and  clay. 

•    • 

Comanche 
^  (Lower 
.  ^Ccetaoe- 
^  ^oos).  . 

• 

*      • 

• 

4 

■ 

WaahlU. 

DenisoD  forma- 
tion. 

150-200 

day  and  limestone. 

Czetteeous. 

Fort    Worth 
limestone. 

2fr-75 

Alternating  beds  of  lime- 
stone and  mart 

■    • 

Preston        ibr- 
mation. 

50-100 

Calcareous  laminated 
clays  and  impure  limot- 
stone. 

* 

Fredericks- 
burg." 

Edwards  lime- 
stone. 

300-400 

W  hite  chalky  limestones, 
variously   indurated, 

• 

Ck>manche  Peak 
'    limestone. 

and  in  places  fine  are- 
naceous beds. 

i 

Walnut  clay. 

100-200 

Calcareous  «]ays  and  im^ 
pure  marly  and  chalky 
umestones. 

* 

1 

Trinity. 

Paluzy  sand. 

125-200 

« 

Fin»<rained  sand  and 

lenucular  beds  of  day. 

1  .       .           .    \    . 

•    \ 

Olen  Rose  lime- 
stone. 

300-500 

Impure  limestone^  marl, 
and  calcareous  shales. 

Travis    Peak 
And.. 

.  2S0i: 

(k>Dgk)meMte,  sand, 
sandstone,  shales,  and 
impure  liUAstOnes.  ' 

a  the  Ibrmatlons  below  tiie  NavarrO  formation  crop  out  west  of  the  Ck>rsioana  field  and  dip  under  it. 
^  XfvpK  OretmiBoiis  formations  have  been  penetrsted  by  the  drill  in  this  fleki  and  are  known  fh>m 
!*«UnQoirds;  the  I/>wer  Cretaoeous  formations  nave  not  been  penetrated  by  the  drill  in  this  field  but  are 
PIfwn  frofea  outctpps  and  well  rAxvds  west  of  the  field.  The  data  relating  to  the  Lower  Cretaceous  are 
ttkcphigely  from  a  report  by  R.  T.  Hill  (Geography  and  geology  of  the  Black  and  Grand  prairies,  Tex.: 
u.  8.  QeoL  Survey  Twenty-rirst  Ann.  Eept.,  pt.  ^  1901). 
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The  Navarro  formation  crops  out  in  the  western  part  of  the  field 
and  the  Midway  in  the  eastern  part;  the  contact  between  them  ex- 
tends from  a  point  about  1^  miles  east  of  Angus  northward  2  miles 
west  of  Powell.  (See  sketch  map,  PL  XVIII.)  As  the  strata  of  the 
Navarro  and  Midway  in  this  area  are  similar  in  composition  and  ap- 
pearance, their  separation  is  based  primarily  upon  the  fossils  they 
contain. 

The  accompanying  diagram  (PL  XIX)  shows  the  character  of  the 
Cretaceous  and  the  lower  part  of  the  Tertiary  in  eastern  Texas.  The 
Lower  Cretaceous  portion  of  this  diagram  was  compiled  from  the 
log  of  the  well  at  the  Southern  Methodist  University  at  Dallas;  the 
lower  portion  of  the  Upper  Cretaceous  was  compiled  from  the  log  of 
the  refinery  well  at  Corsicana ;  and  the  upper  portion  of  the  Upper 
Cretaceous  and  the  lower  portion  of  the  Tertiary  from  the  log  of 
Focke  No.  2  well,  in  the  Mexia-Groesbeck  gas  field.  The  Focke  No. 
2  well  reached  the  sand  that  is  the  approximate  equivalent  of  the 
sands  exposed  in  the  creeks  near  the  west  edge  of  Corsicana  and  the 
sands  that  yield  the  heavy  oil  in  the  Powell  district. 

CRETACEOUS  SrSTEM. 
COXAirCHS  8EBISB  (LOWER  OBETAOEOTTB). 

Tlie  Lower  Cretaceous  formations  have  not  been  reached  in  anv 
of  the  wells  in  the  Corsicana  field,  and  therefore  their  depth,  thick- 
ness, and  character  in  this  area  are  imperfectly  known.  The  depths 
to  the  Paluxy  and  Travis  Peak  sands,  as  estimajted  from  well  drillings 
in  the  neighboring  area  to  the  west,  are  3,400  and  4,100  feet.  (See 
PI.  XIX.)  As  these  formations  contain  potable  water  at  a  number 
of  localities  not  far  distant,  it  is  possible  that  they  do  here  also  and 
that  they  do  not  contain  oil  and  gas,  which  are  usually  associated 
with  salt  water  or  brine.  The  arrangement  and  character  of  the 
Lower  Cretaceous  formations  are  shown  in  the  table  of  geologic  for- 
mations and  in  the  nearly  complete  generalized  section  of  the  well 
of  the  Southern  Methodist  University,  at  Dallas  (PL  XIX). 

GULF  BEBIE8  (irFPEB  OBETAOSOVB). 

Woodbine  sand. — ^The  Woodbine  sand  is  the  lowest  formation  of 
the  Upper  Cretaceous  series  in  northeastern  Texas,  where  it  consists 
of  medium  to  fine  grained  sand,  clay,  and  in  some  places  beds  of 
lignite  and  thin  beds  of  hard  sandstone.  This  formation  retains  its 
sandy  character  over  a  large  area  in  northeastern  Texas,  and  yields 
much  water.  In  the  Caddo  field  it  is  thought  to  be  the  source  of 
some  gas  and  most  of  the  high-gravity  oil.^    Outside  of  that  field, 

^  Mat80D»  G.  C,  The  Caddo  oil  and  ga«  field,  Louisiana  aoil  Texas :  U«  S,  OeoU  Surrey 
Bull,  019,  rP«  49-49,  1910, 
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which  extends  a  short  distance  into  Texas,  no  commercial  accumu- 
lations of  oil  and  gas  have  been  found  in  it  in  this  State,  with  the 
possible  exception  of  a  small  pool  at  South  Bosque,  near  Waco. 

The  deep  well  at  the  Corsicana  refinery  reached  the  Woodbine 
sand  at  2,381  feet,  and  after  passing  tiirough  three  water-bearing  beds 
was  completed  in  that  formation  at  2,781  feet.  ( See  Pis.  XIX  and 
XX.)  The  water  from  this  sand  is  slightly  saline,  but  not  a  brine 
such  as  usually  accompanies  oil  and  gas. 

Eagle  Ford  shale. — ^The  Eagle  Ford  shale  overlies  the  Woodbine 
sand  and  in  this  area  consists  of  gray  to  dark-colored  fine-grained 
clay  and  thin  layers  and,  probably,  concretions  of  limestone.  The 
deep  well  at  the  refinery  in  Corsicana  penetrated  376  feet  of  strata 
that  are  referable  to  this  formation.  In  this  area  it  is  not  believed  to 
be  of  any  economic  value  except  that  it  serves  as  an  impervious 
cover  which  retains  the  water  in  the  underlying  sand. 

The  Eagle  Ford  shale  contains  sand  beds,  called  the  Blossom  sand 
member,  in  its  upper  part  in  northwestern  Louisiana,  southwestern 
Arkansas,  and  the  adjacent  part  of  Texas.  In  the  Caddo  field  some 
oil  and  gas  have  been  found  in  these  beds.^  They  are  not  present  in 
the  Corsicana  area. 

Austm  chalk. — ^The  Austin  chalk  is  one  of  the  most  easily  recog- 
nized formations  of  the  Cretaceous,  both  at  its  outcrop  and  in  well 
borings,  and  constitutes  a  datimi  fnxn  which  tiie  position  of  other 
formations  may  be  determined.  It  consists  of  alternating  beds  of 
white  to  light-gray  chalk  and  marl  of  different  degrees  of  hardness. 
Well  drillers  conmionly  call  it  white  rock  or  limestone.  As  deter- 
mined from  the  log  of  the  deep  refinery  well  at  Corsicana,  the  Aus- 
tin has  a  thickness  of  425  feet. 

So  far  all  the  oil  and  gas  of  the  Coastal  Plain  A  northeastern 
Texas  has  been  found  above  the  Austin  chalk,  with  the  exception  of 
that  in  Marion  and  Harrison  counties,  which  represent  the  western 
part  of  the  Caddo  oil  and  gas  field,  and  that  near  South  Bosque. 
In  northwestern  Louisiana,  however,  the  most  productive  sands  are 
below  the  Annona  chalk,  which  is  regarded  as  the  eastward  extension 
of  a  part  of  the  Austin. 

Taylor  marl. — ^The  Taylor  marl  consists  in  general  of  a  uniform 
series  of  light  to  dark  gray  fine-grained,  highly  calcareous  clay  or 
clay  marl.  In  the  Corsicana  area  it  contains  some  beds  of  fine 
argillaceous  sand  and  sandy  clay  but  no  coarse  sand.  It  is  calcareous 
throughout  and  contains  rounded  limestone  concretions.  The  Tay- 
lor marl  weathers  on  exposure  to  the  black  plastic  clay  that  is  char- 
acteristic of  the  Black  Prairie. 

Lithologically  the  Taylor  marl  is  not  very  different  from  the  over- 
lying Navarro  formation,  but  it  contains  less  sand  and  glauconite. 
— ^ ^^-^^—^.^^—~—^^—~ 

iMatson»  0.  Ct  op.  clt,  p.  48. 
69812°— BuU.  661—18 16 
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The  contact  between  these  formations  can  not  be  easily  drawn  at 
the  surface,  and  from  well  records  their  separation  can  be  made  only 
in  the  most  general  way. 

The  oil  in  the  Corsicana  pool  is  obtained  from  a  sand  in  the  upper 
part  of  the  Taylor  marl.  This  sand  ranges  in  thickness  from  a 
few  feet  to  a  maximum  of  nearly  60  feet,  and  according  to  the  re- 
ports of  well  drillers  it  is  in  general  fine  grained  and  is  accom- 
panied by  numerous  thin  layers  of  shale.  Another  sand  in  the  Tay- 
lor, of  somewhat  similar  character,  occurs  on  the  Edens  League, 
3^  miles  soutih-southeast  of  Corsicana.  This  sand,  which  is  gas 
bearing,  is  apparently  lenticular,  for  it  is  not  recognized  in  wells 
near  Corsicana.  It  may  be  essentially  the  equivalent  of  the  gas- 
bearing  sand  in  the  vicinity  of  Chatfield. 

The  well  logs  given  on  pages  219  and  220  show  the  character  of  the 
the  strata  of  portions  of  the  Taylor  formation. 

Navarro  formation. — :The  Navarro  formation  consists  of  gray, 
greenish-gray,  and  yellow,  nodular,  calcareous  clay,  and  sandy  clay 
and  fine  glauconitic  calcareous  sand.  (See  log  of  the  American 
Well  &  Prospecting  Co.'s  well,  p.  219.) 

The  sand  beds  composing  the  Nacatoch  sand  member  of  the 
Navarro  are  well  exposed  near  the  western  edge  of  Corsicana  and  a 
few  miles  north  of  that  city.  Locally  the  sand  is  firmly  cemjented 
by  lime  to  form  hard,  dense  calcareous  sandstones  or  irregular-shaped 
concretions.  The  sand  ranges  from  medium  grained  to  very  fine 
grained  and  contains  glauconite,  which  is  more  abundant  in  some 
beds  than  in  others.  These  sands  are  considered  to  be  the  same  as 
the  Nacatoch  sand  of  northwestern  Louisiana,  which  is  an  extensive 
gas-bearing  formation.  The  Nacatoch  sand  is  believed  to  be  the 
gas  sand  in  the  Mexia-Groesbeck  gas  field,^  as  well  as  the  productive 
sand  in  the  Powell  district,  which  yields  the  heavy  oil  of  the  Cor- 
sicana field.  No  fossils  have  been  obtained  from  the  wells  to  show 
that  the  oil  sand  in  the  Powell  district  is  the  Nacatoch,  but  it  is 
known  that  this  sand  dips  eastward  from  its  outcrop  near  Corsicana 
at  an  angle  that  would  carry  it  to  about  the  depth  of  the  oil  sand 
near  Powell.  The  productive  sands  are  the  shallowest  encountered 
in  the  wells  near  Powell,  and  they  are  similar  in  composition  and 
texture  to  the  Nacatoch  sand,  and  these  facts,  together  with  the  rate 
of  dip,  make  it  seem  safe  to  conclude  that  they  are  the  same. 

The  clays  of  the  Navarro,  which  occur  above  the  sands,  are  slightly 
sandy  and  glauconitic.  They  contain  numerous  calcareous  concre- 
tions, some  with  septarian  form,  some  with  cone  in  cone  structure, 

^  Matson,  G.  C,  Gas  prospects  south  and  southeast  of  Dallas :  U.  B.  Geol.  Snirejr  Bull. 
029,  pp.  8(^«1,  1016. 
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and  others  of  hard,  dense  limestone.  The  clay  is  dark  blue  when 
fresh  and  weathers  on  exposure  to  greenish  yellow,  then  to  dark  olive- 
gray,  and  finally  to  the  black  waxy  soil  which  is  present  at  the  surface 
over  the  greater  part  of  the  outcrop  of  this  formation. 

The  following  logs  show  the  character  of  the  strata  that  make  up 
the  Navarro  formation : 


Log  of  well  of  the  American  WeU  d  Prospecting  Co,^  lot  1,  block  42,  Corei- 

cana.  Tew. 

[Log  made  from  well  umples.    Below  45  feet  samples  were  taken  at  intervals  of  10  feet.] 


Depth. 


8 

a 
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f  Clay,  gray,  highly  calcareous,  fine  grained,  gypsum  bearing. 

Clay,  marl,  ll^t  gray,  chalky 

Saine  as  above,  wnh.  thin  veilow  layers  of  chalky  limestone 

Same,  medium  fine  zrained,  dear  quartz  and  glauoonltic,  calcareous. 

Sand,  fine  nained,  dark  gray;  contains  small  amount  of  glanconite. 

Sand,  argiuaoeous,  highly  glauoonltic,  calcareous,  fine  grahied,  dtyrk  gray; 

h       «nTitft.fn«  fnftrip<^  ffh<^Mff 

2  Same  M  above,  ver;  fine  greJniBd. 
I 
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I 
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Sand,  ftaie  grahied.  dark  greenish  grav,  highly  glauoonitic,  cleaner  and  sUghlty 
coarser  grained  than  above ;  fossil  shells  abundant 


Sttid,  medium  fhie,  dark  greenish  gray,  highly  glauoonltic,  probably  40  per 
cent  calcareous,  coarser  than  that  above 

Sfloid,  loose,  fine  grained,  greenishgray,  glauoonltic,  dear  quarts 

Sand,  dark  gray,  very  fhie  grained,  hard,  calcareous,  argiluoeous,  glauoonitic. 

Same  as  above,  becoming  more  clayey 

Clay,  dark  gray,  sandy,  calcareous 

Same  as  above  Dut  more  sandy  in  places 

Sand,  dark  greenish  gray,  hard,  very  fine  grained,  glanconitto.  aigiUaoeoas.. . . 

Same  as  above  but  slkhtly  coarser  greinea 

iSand,  dark  gray,  hanL  very  fine  grained,  calcareous,  argillaoeous 

Clay,  sandy,  and  very  one  sand,  dark  greenish  gray,  glauoanitic,  calcareous; 

fragments  of  nacreous  shells 

Clay .  dark  nay,  sandy,  calcareous. 

Suid,  very  line  grained,  dark  gray,  calcareous,  argillaceous 

Clay,  hard,  dark  gray,  sandy,  calcareous. 

Same  as  above,  with  some  veoy  fineaand;  fossil  shells 

Same  as  above,  glauoonitic -. 

Clay,  dark  gray,  sandy,  hi^y  calcareous,  glauoonitic 

Same  as  abovCi  with  some  very  fine  sand. 

Gay,  dark  greenish  gray,  sandy,  hlfdily  calcareous;  fossU  shells 

Marl,  dark  gray,  clay,  with  plates  of  aragonite 

Same  as  above,  with  some  sandy  beds 

Clay  and  sandy  clay,  highly  calcareous,  dark  gray,  glauoonitic. 

Same  as  above  but  more  glauconitie 


Clay,  gray,  hishly  calcareous,  fine  grained 
'^  caTcareous,  and  sandy  day 


Clay,  gray,  calcareous,  and  sandy  «_, 

Same  as  abOTe.  with  some  highly  glauoonltic  sandy  layers. 

Shale,  grey  to  light  gray,  calcareous;  contains  little  or  no  sand 

Same  as  above;  when  roasted  gives  an  odor  ofsulphur  but  no  distillate 

Shale,  light  grey,  calcareous,  with  small  fragments  of  bituminous  matter  which 

may  have  got  into  the  sample  accidentally 

Shale,  light  grey,  calcareous;  no  sand  or  bituminous  matter. 

Same  as  above,  with  thin  layer  of  limestone,  fragments  of  shells 

Shale,  lii^t  grey,  calcareous 

Shale,  light  grey,  as  above,  and  sand 

Shale,  light  grey,  calcareous 

Same  as  above,  with  some  ftaie  sand 

Shale,  lli^t  grey,  calcareous,  sandy 

Same  as  above,  with  hard  pyritic  limestone 

Shale,  gr^y,  calcareous,  with  dark  spocikB  of  bituminous  matter,  and  hard  sandy 

limestone. 


Shale,  light  grey,  platy,  calcareous 
Shale  as  above,  with  mifrgrehied  sand, 


Same  as  above,  with  less  sand. 

Sand,  fine .  grey,  calcareous  in  part,  loosely  cemented ,  and  some  shale 

Same  as  above,  with  grey  sandy  shale 

Sand  and  shale,  laminated,  gray,  calcareous,  and  flne-gi&iDed  quarts  sand;  con- 
tains traces  ox  bituminous  matter  (probably  plant  remains) 
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Midway  formation. — The  lowest  fonnation  of  the  Eocene,  the  Mid- 
way, is  at  the  surface  in  the  eastern  part  of  the  Corsicana  oil  field. 
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but  the  exposures  there  are  very  poor.  Accordiiig  to  the  reports  of 
drillers,  it  is  apparently  a  marl  containing  a  few  thin  beds  of  lime- 
stone. It  weathers  to  a  black  calcareous  clay  soil  that  contains  a. 
small  percentage  of  sand  and  is  like  some  of  the  soils  produced  by 
the  more  sandy  phases  of  the  Upper  Cretaceous  formations.  In  the 
southwestern  part  of  Xavarro  Count;  and  in  Limestone  County  some 
massive  beds  of  gray  and  yellow  limestone  occur  in  the  Midway,  but 
apparently  they  do  not  extend  into  the  Corsicana  field,  though  they' 
may  be  represented  there  by  the  numerous  limestone  concretions  that 
are  encountered  in  the  wells. 


FtocTKB  so. — Section  Hbowlng  elrople  trpeg  ol  structure.  A.  Sedlmentsry  beds  wltb  gentle 
dip:  B.  tbe  Mm«  beds  Kcnllr  folded;  C,  the  Mme  bedi  mar«  Inteuael;  lolded;  a,  anU- 
eUne ;  b,  sjacllDe. 

STBUCTTTBE. 

HEANINQ  OF  THE  TEBH. 

Most  sedimentary  rocks,  such  as  clay,  shale,  limestone,  and  sand- 
stone, were  deposited  as  horizontal  or  approximately  horizontal 
layers  of  sediment  and  later  consolidated  into  rock.  These  rock  beds, 
as  they  are  observed  to-day,  may  be  only  slightly  disturbed  from  their 
original  position  or  they  may  be  intensely  folded  and  broken,  or 
faulted.  The  attitude  of  the  beds  or  their  position  with  reference 
to  a  horizontal  plane  is  called  structure;  tbe  upfolds  or  upward  bends 
of  the  beds  are  called  anticlines,  and  the  downfolds  synclines.  (See 
fig.  30.)  The  importance  of  determining  the  structure  in  oil  and  gas 
investigations  depends  upon  the  fact  that  oil  and  gas  are  commonly 
associated  with  anticlines. 
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Where  the  beds  are  highly  tilted  from  their  original  horizontal 
position  the  presence  of  anticlines  or  synclines  may  be  determined 
from  observations  on  the  dip  or  slant  of  the  beds.  In  an  anticline 
(a,  fig.  30)  the  beds  dip  in  opposite  directions  away  from  the  apex 
of  the  fold,  called  the  axis;  in  a  syncline  (&,  fig.  30)  the  beds  dip 
from  opposite  sides  toward  the  center  or  toward  the  axis.  Where 
the  beds  are  only  gently  folded  it  may  be  necessary  to  know  the 
altitude  at  different  .places  of  some  particular  bed,  commonly  called 
a  key  rock,  in  order  to  determine  the  direction  of  dip  and  to  outline 
the  folds.  If  the  bed  whose  altitude  is  to  be  ascertained  is  not 
exposed  at  the  surface  it  may  be  encountered  in  a  drill  hole,  and  by 
subtracting  its  depth  in  the  hole  from  the  altitude  of  the  surface  at 
that  point  its  position  with  respect  to  sea  level  may  be  determined. 

STRXJCTURE-CONTOUR  MAP. 

Structure  may  be  represented  diagranmiatically  by  cross  sections 
which  show  the  arrangement  and  dip  of  the  beds  along  a  certain  line 
(see  fig.  30),  or  by  stnicture  contours  on  a  map  (see  PI.  XXI,  in 
pocket).  The  shape  and  extent  of  a  fold  are  best  shown  by  structure 
contours,  which  are  lines  represented  as  connecting  points  of  equal 
altitude  of  the  key  rock.  They  are  drawn  to  indicate  regular  inter- 
vals of  altitude,  such  as  10  or  100  feet.  Where  the  contours  are 
closest  together  they  represent  the  area  of  steepest  dip;  where  they 
are  farthest  apart  the  area  of  gentlest  dip.  If  the  contours  represent 
depths  below  sea  level,  as  on  the  map  accompanying  this  report 
(PI.  XXI),  the  direction  of  dip  is  from  the  contour  with  a  smaller 
number  to  the  adjoining  one  with  a  larger  number.  If  the  dip  of 
the  beds  is  uniform  in  direction  and  rate,  the  structure  contours  are 
parallel  and  uniformly  spaced ;  if  the  dip  is  not  uniform  in  direction 
and  amount — ^in  other  words,  if  folds  are  shown — the  contour  lines 
are  irregular  and  variously  spaced.  The  contours  on  Plate  XXI 
represent  the  key  rocks  as  they  would  appear  if  the  overlying  forma- 
tions were  removed.  The  contours  bearing  the  smaller  numbers  in- 
dicate the  highest  points,  and  the  vertical  interval  between  the  con- 
tours in  10  feet. 

In  determining  the  structure  of  the  Corsicana  field  the  productive 
sands  were  used  as  key  rocks — ^in  the  Corsicana  pool  the  Corsicana 
sand,^  in  the  Edens  and  Chatfield  pools  the  gas  sand,  and  in  the 
Powell  district  one  of  the  beds  of  the  Nacatoch  (?)  sand,  which  may 
not  be  the  same  in  the  different  pools.  In  the  Powell  district,  how- 
ever, an  effort  was  made  to  use  consistently  the  upper  sand  of  the 
Nacatoch  (?)  beds. 

^  Not  the  "  Corticana  beds  "  of  Hill,  which  are  th«  imme  as  the  Nacatoch  sand,  bnt  an 
unexposed  sand  800  feet  etratigraphically  lower  than  the  Nacatoch. 
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Level  lines  were  carried  over  the  field  to  all  the  wells  whose  logs 
were  available,  about  700  in  all.  The  depth  of  the  oil  sand  below 
sea  level  was  determined  by  subtracting  the  altitude  of  the  well  from 
the  depth  to  the  sand.  This  gave  the  depth  of  the  sand  below  sea 
level  in  the  wells  and  furnished  the  datum  on  which  the  contours 
were  drawn.  Much  difficulty  was  experienced  in  interpreting  these 
data.  Most  of  the  well  records  showed  only  the  depths  of  the  sands, 
and  in  the  absence  of  some  of  the  sands  it  was  difficult  to  determine 
which  ones  were  recorded ;  the  numbers  on  many  of  the  leases,  as  well 
as  the  names,  had  been  changed  one  or  more  times,  and  it  was  difficult 
to  connect  a  well  record  with  the  well  in  which  it  was  obtained; 
finally,  many  of  the  wells  had  been  abandoned  and  the  casings  pulled, 
and  it  was  not  possible  to  get  their  exact  altitudes  because  their  exact 
locations  were  not  known.  However,  where  the  structure  is  indicated 
by  solid  lines  the  mapping  is  believed  to  be  correct  within  10  feet; 
where  broken  lines  are  used  the  error  is  probably  not  greater  than 
20  feet,  except  where  a  question  mark  appears  on  the  map. 

GENERAL  STRUCTURE  OF  THE  FIELD. 

The  strata  in  the  Corsicana  field  dip  in  general  to  the  southeast 
at  a  rate  of  50  to  100  feet  to  the  mile.  The  uniformity  in  direction 
and  amount  of  dip  is  interrupted  at  a  number  of  places  by  folds, 
as  shown  on  the  accompanying  map  (PI.  XXI) ,  but  none  of  the  folds 
are  continuous  over  large  areas.  The  greatest  dips  observed  on  the 
folds  are  at  the  rate  of  560  feet  to  the  mile,  and  these  high  dips  are 
confined  to  small  areas.  The  irregularities  in  the  normal  position 
of  the  strata  seems  to  have  been  produced  by  forces  acting  in  two 
directions,  as  the  folds  trend  noticeably  in  two  directions — one  ap- 
proximately parallel  to  the  dip  of  the  rocks  and  the  other  at  right 
angles  to  it.  So  far  as  observed,  there  is  no  evidence  of  faulting,  or 
breaking  of  the  rock  strata,  in  this  field. 

STRUCTURAL  FEATURES  IN  DETAIL. 
OOBBIOAVA  POOL. 

In  the  Corsicana  pool  the  producing  sand  has  a  southeasterly  dip 
of  80  to  100  feet  to  the  mile.  Slight  variations,  both  in  the  direction 
and  amount  of  dip,  appear  in  different  parts  of  the  pool,  and  toward 
the  north  end  there  is  some  evidence  of  a  westerly  dip.  The  depth 
of  the  productive  sand  increases  from  530  feet  below  sea  level  about 
4  miles  north  of  Corsicana  to  about  800  feet  below  near  the  old 
Waterworks.  The  dip  of  the  beds  west  of  the  pool  is  not  shown  by 
Well  records,  but  surface  exposures  indicate  that  it  is  in  the  same 
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general  direction  at  a  slightly  lessened  rate.  Between  Forreston 
and  Corsicana,  a  distance  of  21  miles,  the  average  dip  is  about  65 
feet  to  the  mile,  as  shown  by  the  altitude  of  the  Austin  chalk  at 
these  two  places,  but  to  judge  from  the  character  of  the  surface 
exposures  within  5  miles  of  Corsicana  the  dip  is  somewhat  lower  than 
65  feet  to  the  mile  near  the  city  and  therefore  it  must  be  greater 
than  the  average  rate  farther  west.  Local  variations  in  the  rate  of 
dip  of  the  sand  near  the  southern  boundary  of  Corsicana  may  account 
for  the  presence  of  accumulations  of  gas,  though  there  is  some  doubt 
as  to  the  correlation  of  the  gas-bearing  sand  with  the  oil  sand.  If 
they  are  the  same,  there  is  apparently  a  low,  flat-topped  dome  at 
this  locality  in  which  only  the  upper  portion  of  the  sand  is  filled 
with  gas.  If  the  sand  had  been  folded  into  a  sharp  dome  or  anti- 
cline a  greater  thickness  of  the  sand  at  the  apex  of  the  fold  would 
have  been  filled  with  gas,  and  the  wells  there  would  have  furnished 
gas  for  a  longer  period  before  they  were  filled  with  salt  water. 

ZDEVB  POOL. 

Twenty-five  or  more  wells,  many  of  which  produced  gas,  have  been 
drilled  on  the  Edens  League,  3  miles  south-southeast  of  Corsicana. 
At  the  time  when  the  study  of  this  field  was  made  all  the  gas  wells 
on  this  and  adjoining  leases,  forming  the  Edens  pool,  had  been 
abandoned  and  the  casings  pulled.  The  location  and  altitude  of 
many  of  the  wells  could  not  be  ascertained,  and  consequently  it  was 
not  possible  to  contour  the  gas  sand  of  this  pool  accurately. 

The  fragmentary  data  available  indicate  that  a  low  northeastward- 
trending  anticline  crosses  the  northern  part  of  Edens  League,  and 
that  its  highest  part  is  in  the  valley  of  Elm  Creek.  Most  if  not  all 
of  the  gas  wells  in  this  area  produced  from  depths  of  630  to  660  feet 
below  sea  level. 

OHATnSX.D  FOOL. 

The  structure  of  the  pool  south  of  Chatfield,  as  outlined  from  the 
well  records,  shows  a  low,  irregular  anticline  that  trends  northeast 
and  is  2  miles  long  and  about  three-quarters  of  a  mile  wide.  The 
dips  on  its  flanks  are  as  much  as  2°.  The  accumulation  of  gas  is  in 
the  crest  of  the  anticline  and  is  backed  up  on  all  sides  by  salt  water. 
All  the  gas  wells  except  one  encountered  the  sand  where  it  is  less  than 
420  feet  below  sea  level,  or  above  the  420-foot  contour.  One  small 
gas  well  on  the  T.  B.  Roberts  property  is  near  the  440-foot  contour. 
So  far  as  known  oil  was  not  found  in  this  pool.  The  wells  here  were 
drilled  during  1905  or  a  short  time  thereafter,  and  by  1911  all  of 
them  had  been  abandoned  and  the  casings  pulled. 
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inTiimUD  700L. 

The  structure  of  the  pool  near  Mildred  is  complex;  its  principal 
features  consist  of  a  well-defined  branching  anticline  at  the  north 
end,  a  shallow  eastward-trending  syncline,  a  low  dome  or  structural 
terrace,  and  beds  of  practically  imiform  dip  at  the  south  end.  It  is 
evident  that  this  complex  structure  was  produced  by  forces  acting  in 
two  directions,  approximately  at  right  angles  to  each  other.  The 
details  of  the  structure  of  this  pool,  so  far  as  it  has  been  possible  to 
outline  them  from  the  data  available,  may  be  best  understood  from 
an  inspection  of  Plate  XXI. 

At  the  north  end  of  the  pool  the  oil  sands  dip  to  the  northeast, 
and  most  wells  reaching  the  sands  at  a  depth  greater  than  450  to  460 
feet  below  sea  level  were  "  dry.''  '  The  productive  area  at  the  south- 
west end  of  the  pool  is  between  the  300  and  210  foot  contours,  which 
represent  the  depth  of  the  oil  sand  below  sea  level.  It  is  evident  that 
the  productive  area  does  not  follow  the  trend  of  the  contour  lines 
and  that  the  accumulation  of  the  oil  does  not  depend  alone  on  the 
structure.  Some  wells  beyond  the  western  limit  of  the  productive 
pool  encounter  sands  that  yield  only  traces  of  oil.  This  condition 
may  be  due  to  decrease  in  the  porosity  of  the  sand  or  to  the  lack  of 
sufficient  pressure  to  cause  the  oil  to  flow  freely  into  the  wells. 

WXTEZBaFOOV-XoKXS  POOL. 

The  Witherspoon-McKie  pool,  southwest  of  Powell,  lies  along  the 
crest  of  a  low,  flat-topped  anticline  which  extends  from  the  south- 
eastern part  of  the  Witherspoon  tract  southwestward  1-J  miles  to  the 
McKie  tract.  Although  extensive  drilling  has  been  done  in  this  pool, 
few  well  records  have  been  preserved,  and  it  is  impossible  to  ojitline 
accurately  the  details  of  the  fold.  The  highest  part  of  it  is  on  the 
south  side  of  Post  Oak  Creek,  a  quarter  of  a  mile  above  its  junction 
with  Chambers  Creek.  The  depth  to  the  highest  productive  sand  is 
825  to  875  feet,  and  to  the  lower  sand  about  100  feet  more.  Oil  and 
.  gas  were  present  only  along  the  crest  of  the  anticline,  and  water  was 
troublesome  over  practically  the  entire  jpool.  Gas  was  present  orig- 
inally in  both  the  upper  and  lower  sands,  but  more  abundantly  in  the 
lower.  All  the  wells  at  the  north  end  of  the  pool  have  been  invaded 
by  salt  water  and  abandoned. 

OLEXSNTB-BUOHAVAV  POOZn 

The  accumulation  of  oil  in  the  Clements^Buchanan  pool,  northeast 
of  Mildred,  is  associated  with  a  sharp  downward  bend  of  otherwise 
gently  dipping  beds.  The  dip  of  the  beds  appears  to  be  locally  as 
much  as  560  feet  to  the  mile  to  the  southeast,  and  the  oil  occurs  in 
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the  area  of  steep  dip  where  the  beds  are  at  depths  between  395  uid 
490  feet  below  sea  level.  Northwest  of  the  productive  area  the  beds 
dip  to  the  southeast  at  a  smaUer  angle,  probably  less  tiian  180  feet 
to  the  mile. 

The  Bn^e  pool,  1  mile  south  of  Powell,  is  associated  with  the  most 
pnmonnced  fold  that  has  been  found  in  the  Corsicana  field.  Only 
the  south  end  of  the  fold  can  be  outlined,  because  the  well  logs  were 
available  only  for  that  part  of  the  pool.  As  shown  on  Plate  XXI, 
this  fold,  which  is  probably  a  shortened  anticline  or  dome,  has  dips 
of  about  185  feet  to  the  mile  to  the  northwest,  southwest,  and  south- 
east. Oil  occurs  in  the  upper  part  of  the  fold,  where  the  upper  sand 
is  from  about  400  to  480  feet  below  sea  level.  Where  the  sand  is 
more  than  480  feet  below  sea  level  it  is  generally  saturated  with 
brine,  although  in  that  area  a  number  of  wells  have  yielded  some  oil 
and  a  few  producing  wells  have  been  completed. 

AMGVn  POOL. 

The  strata  in  the  pool  south  of  Angus  dip  gently  to  the  east  at  a 
fairly  uniform  rate,  and  the  upper  oil  sand,  which  is  about  200  feet 
below  sea  level  in  the  southwestern  part  of  the  pool,  lies  at  a  depth 
of  340  feet  or  more  in  the  eastern  part.  The  oil  is  followed  up  in 
the  eastern  part  of  the  pool  by  salt  water,  which  is  practically  absent 
in  the  western  part  of  the  development  area,  where  the  beds  are 
higher. 

So  far  as  can  be  determined  from  the  available  well  records  the  dip 
of  the  beds  within  the  Angus  pool  is  practically  normal  for  this 
region — that  is,  to  the  east  or  southeast.  The  oil  sand  which  is  con- 
toured in  the  Angus  pool  is  believed  to  be  the  same  as  that  in  the 
Tilton-Havener  pool,  where  it  is  about  200  feet  deeper. 

RELATION  OF  OIL  AND  GAS  TO  STRUCTURE. 

A  review  of  the  discussicm  of  the  structure  or  a  study  of  the  struc- 
ture map  of  the  Corsicana  field  will  show  that  oil  and  gas  occur  in 
this  field  under  two  different  structural  omditions.  They  have  ac- 
cumulated along  the  crests  of  well-defined  anticlines,  as  in  the  Burke 
pool,  and  also  in  beds  of  fairly  imiform  dip,  as  in  the  Corsicana  pool. 
In  this  field  no  two  of  the  three  sands,  the  Corsicana,  E^ens,  and 
Kacatoch,  are  productive  at  any  one  place.  This  may  be  due  to  the 
fact  that  the  deeper  sands  have  not  been  reached  by  the  drill  in  places 
where  production  was  obtained  from  the  shallower  sands;  or  the  pro- 
ductive area  in  the  deep  sand  may  be  limited  to  the  Corsicana  po<d, 
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for  there  are  other  factors  than  structure  that  control  the  accumula- 
tion of  oil  and  gas,  among  them  the  distribution  and  porosity  of  the 
productive  sand.  If  the  productive  sands  were  uniform  in  thick- 
ness and  porosity  over  the  entire  field,  in  an  area  where  the  structure 
is  favorable  for  the  accumulation  of  oil  and  gas  in  one  sand,  it  might 
be  favorable  for  accumulation  in  the  other  sands  also.  Drilling  has 
shown,  however,  that  the  sands  of  this  field  are  lenticular  and  vary 
ID  porosity  and  thickness  from  place  to  place.  The  accumulation  of 
oil  and  gas  in  some  places  may  be  due  to  the  pinching  out  of  the 
sand,  which  prevents  the  oil  and  gas,  backed  up  by  salt  water,  from 
migrating  farther  up  the  dip.  This  condition  would  account  for  the 
accumulation  of  oil  in  the  Corsicana  pool,  where  a  portion  of  the 
western  limit  of  the  pool  may  also  be  the  western  limit  of  the  porous 
sand  that  yields  the  oil.  The  location  of  this  pool  with  reference  to 
the  structure  shows  that  there  is  also  a  structural  reason  for  the  ac- 
cumulation of  the  oil.  The  decrease  in  the  rate  of  dip  of  the  oil  sand 
west  of  Corsicana  would  check  the  migration  of  fluids,  and  the  low 
dip  would  be  less  favorable  for  their  migration  and  accumulation 
than  the  steeper  dip  farther  east.  Low  hydrostatic  head  combined 
with  low  gas  pressure  in  thin,  fine-grained  sands  having  moderate 
dips  favor  a  slight  migration  of  the  fluids  in  the  direction  of  the  dip 
and  a  wide  distribution  of  the  oil,  such  as  exists  in  the  Corsicana  pool. 
The  accumulation  of  oil  in  the  Angus,  Tilton-Havener,  and  Clem- 
ents-Buchanan pools  may  be  controlled  by  the  same  factors  as  those 
that  control  it  in  the  Corsicana  pool,  but  the  evidence  is  not  conclu- 
sive, and  v|iriations  in  the  sand  may  have  been  an  important  con- 
trolling factor.  The  largest  gas  pools  in  this  field,  such  as  the  Edens, 
Witherspoon-McEie,  and  Chatfield  pools,  are  associated  with  anticli- 
nal folds.  On  the  other  hand,  the  most  pronounced  fold  in  the  area, 
that  associated  with  the  Burke  pool,  contains  much  oil  but  little  gas. 

OIL  AND   GAS. 

OCCirBBENCE. 
GEOLOGIC  DISTRIBUTION. 

In  the  Gulf  Coastal  Plain  the  two  important  series  of  petroliferous 
strata  are  the  Upper  Cretaceous  and  the  late  Tertiary,  which  contain 
oil  in  different  areas  and  under  different  structural  conditions.  The 
Upper  Cretaceous  fields,  such  as  those  of  northwestern  Louisiana  and 
the  Corsicana,  Powell,  Mexia-Groesbeck,  and  Thrall  fields  of  Texas, 
lie  at  considerable  distances  from  the  coast.  The  late  Tertiary  or 
early  Quaternary  fields,  such  as  the  Jennings,  Vinton,  Spindletop, 
and  Humble,  are  near  the  coast.  The  Upper  Cretaceous  beds  that 
yield  oil  and  gas  are  usually  more  or  less  extensively  folded,  and 
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the  areas  of  production  may  be  several  miles  across.  On  the  other 
hand,  most  of  the  Tertiary  and  Quaternary  fields  occur  where 
there  are  masses  of  rock  salt  that  form  cores  of  domes  (saline  domes) 
from  which  the  oil-bearing  beds  dip  steeply,  and  these  fields  are  all 
small,  generally  covering  not  more  than  a  few  hundred  acres. 

The  Upper  Cretaceous  series  includes  two  commercially  produc- 
tive formations — ^the  Woodbine,  the  most  productive  oil  sand  of 
northwestern  Louisiana,  and  the  Nacatoch,  the  most  widely  distrib- 
uted gas  sand  of  the  Coastal  Plain.  In  Texas  the  Woodbine  is  pro- 
ductive only  in  the  Caddo  field,  which  extends  into  Marion  and  Har- 
rison counties,  and  probably  at  South  Bosque,  near  Waco.  At  Cor- 
sicana  the  Woodbine  yields  water  which  is  only  slightly  saline,  and 
not  such  brine  as  is  usually  associated  with  oil  and  gas.  The  Naca- 
toch,  on  the  other  hand,  supplies  gas  in  all  the  fields  of  northwestern 
Louisiana  and  in  the  Mexia-Groesbeck  field,  Tex.,^  and  oil  in  some 
areas  in  northwestern  Louisiana  and  probably  in  the  Powell  district 
of  the  Corsicana  field,  Tex.  The  Taylor  marl,  which  is  productive 
in  the  Corsicana  district,  is  not  productive,  so  far  as  known,  at  any 
other  locality  in  Texas  except  Thrall,  where  the  conditions  are" 
unusual. 

The  productive  formations  are  not  the  same  in  the  Corsicana  and 
Powell  districts.    The  Taylor  marl,  which  yields  light  oil  in  the 
Corsicana  district,  dips  under  the  Powell  district  but  has  not  been- 
exploited  there ;  the  Nacatoch  sand  member  of  the  Navarro  formation, 
which  yields  heavy  oil  in  the  Powell  district  and  which  is  probably ' 
the  equivalent  of  the  Nacatoch  sand  of  Louisiana  and  Arkansas,  is 
not  productive  in  the  Corsicana  district  and  crops  out  a  short  distance  _ 
west  of  it.    PUte  XX  shows  the  approximate  relative  positions  of 
the  sands  of  the  Corsicana  and  Powell  districts. 

CORSICANA  DISTRICT. 
FBODUOXVO  BAVDS. 

In  the  Corsicana  district  there  are  at  least  two  productive  sandJi 
which  are  believed  to  belong  to  the  Taylor  formation — ^the  Corsicana 
and  Edens  sands.  (See  generalized  section,  PI.  XX.)  The  Corsi*^ 
cana  sand  is  the  principal  producing  sand  and  yields  light  oil  and  i 
small  amount  of  gas  at  a  number  of  places,  particularly  toward  thi 
north  end  of  the  district.  The  Edens  sand  formerly  yielded  gas  in  i 
small  area  2  miles  southeast  of  Corsicana ;  it  may  be  the  equivalent 
of  the  sand  which  yields  gas  in  the  gas  pool  south  of  Chatfield. 
age  of  the  sand  near  Angus,  which  yields  light  oil  similar 


l.    Thi 
to  thai 


1  Matson,  O.  C,  Gas  prospects  south  and  southeast  of  DaUas :  U.  S.  Geol.  Snirejr  Bodj 
629,  pp.  81-82,  1916. 


TE 


BUUXTIN  661    PLATE  XX 


L.K. 
3  miles  east oF 
Corfticana 


G.W.  Spaed  No.2 
S^imilMcaatof 


Generalized  aection 

shelving  approximete 

relative  poeitions  of 

productive  sands 


'.' '■'■'■'■*' 


'  SandjlATie  gas—  —• 


•^  -^ 


* 


'-Sand-,,i^^_^  ^ 


nzc 


■,•,•,•■  y  ■  !,• 


Sand 


HafS  Undigas.oil,. 
and  aolt  water 


Chalk- 


1 


•6 

3 


ill  1 1 1 1 » 


1 1  •  1 1 1 1 


I      I 


=Sl 


EF= 


^ 


^ 


S^ 


"^E^ 


'=¥=' 


=^^ 


T-r~r 


I  "1 


Sand 
(YfeSds  aa/t  water  and 
some  spa  hcaHy 
near  Burke  pool) 


Nacatoch  sand 

niefnbar 
&anda  productive  m 
fht^e/f  district  ex- 
qspt  /otvestyWhich 
i  /a  /iarren  so  i^raa 
knomm) 


Cdenssand 
CPrxKfuctive  in  Gfana 
gaapoo/.  A^y  be 
S9me  oaoaa  amnd 
in  Chatrk/d  pool ) 


Corsicana  sand 
(Piroductiveoitand 
^saancfintha 
Qoraicana  pool) 


Chalk 


TENTATIVE   CORRELATIONS   IN    THE   QENERALIZED 


COBSICANA  OIL  AND  GAS  FIELD,  TEX.  229 

from  the  Corsicana  sand,  is  not  known,  although  geologic  evidence 
suggests  that  it  belongs  to  the  Nacatoch  member  of  the  Navarro 
formation. 

0OB8I0AVA  pool. 

The  Corsicana  sand  is  500  to  55Q  feet  above  the  top  of  the  Austin 
chalk,  about  800  feet  below  the  Nacatoch  sand  and  about  300  feet 
below  the  Edens  sand.  (See  PI.  XX.)  In  the  Corsicana  pool  it 
ranges  from  a  few  feet  to  60  feet  in  thickness  and  consists  of  fine- 
grained sand  and  sandy  shale.  It  has  been  described  by  Oliphant  ^ 
as  consisting  of  almost  pure  dark-gray  quartz  sand  containing  Fora- 
minifera  of  several  kinds,  among  which  are  Rotalia,  Nomdomna^  and 
GloMgerina.  This  sand  is  fairly  persistent  in  character  and  thick- 
ness  over  the  productive  area  and  is  underlain  and  overlain  by  im- 
pervious, massive  plastic  clay.  It  ranges  in  depth  from  800  feet 
below  sea  level,  or  about  1,200  feet  below  the  surface,  near  the  old 
waterworks,  2  miles  southeast  of  Corsicana,  to  530  feet  below  sea 
level,  or  900  feet  below  the  surface,  4  miles  north  of  the  city.  (See 
PI.  XXI,  in  pocket.)  This  sand  has  been  productive  over  the  greater 
part  of  an  area  6  miles  long  from  north  to  430uth,  2  miles  wide  at  the 
south  end  and  half  a  mile  wide  at  the  north  end.  The  upper  10  to  20 
feet  or  more  of  sand,  although  it  commonly  gives  a  show  of  oil  or  gas, 
is  so  fine  grained  that  it  does  not  yield  its  oil  as  readily  as  the  coarser 
sand  below.  The  wells  are  drilled  into  the  sand  from  25  to  60  feet 
and  are  completed  when  the  flow  of  oil  into  the  well  is  sufficient  to 
make  pumping  profitable,  or  abandoned  when  the  amount  of  water 
is  so  great  in  proportion  to  the  oil  that  pumping  is  unprofitable. 

In  the  early  history  of  the  field  some  of  the  wells  flowed,  owing 
to  the  pressure  of  the  gas  that  was  originally  present,  but  for  many 
years  all  the  wells  have  been  pumped.  After  the  wells  are  completed 
they  are  allowed  to  stand  for  a  day  or  two,  and  during  that  time 
they  fill  up  from  300  to  800  feet  with  oil,  oil  and  water,  or  water. 
Gas  occurs  in  small  areas  near  the  western  limit  of  the  pool,  where 
the  beds  are  highest;  salt  water  or  brine  occurs  in  small  quantities 
over  much  of  the  pool  but  increases  in  amount  toward  its  eastern 
and  southeastern  limits,  where  the  beds  are  lower.  In  general  the 
productivity  of  the  wells  depends  on  the  thickness  and  porosity 
of  the  sand;  the  accumulation  of  the  oil  and  gas  depends  on  the 
structure  and  the  distribution  and  character  of  the  sand.  As  the 
yield  of  oil  in  the  pumping  weUs  declines,  the  percentage  of  water 
increases.  The  flow  into  the  wells  is  slow  at  the  present  stage  of 
development  because  of  the  almost  complete  absence  of  gas  pressure 
and  the  fineness  of  the  productive  sand. 

^OUpbanty  F.  H.,  U.  S.  Geol.  Survey  Nineteenth  Ann.  Rept.,  pt.  6,  continued*  p.  102, 
XS98, 
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EBBVB  FOOXn 

The  Edens  sand  produced  considerable  gas  in  the  early  history 
of  the  Edens  pool,  but  the  wells  were  soon  exhausted,  and  all  of 
them  have  been  abandoned  and  the  casings  pulled.  The  principal 
productive  area  was  on  the  Edens  League,  3  miles  southeast  of  Cor- 
sicana.  The  wells  were  drilled  lb  to  20  feet  into  the  sand  and  origi- 
nally showed  a  rock  pressure  of  150  to  200  pounds  to  t^e  square  inch. 

OHAXrZELD  FOOL. 

It  is  not  possible  to  correlate  the  gas  sand  of  the  Chatfield  pool 
accurately  with  those  near  Corsicana,  but  it  is  believed  that  this 
sand  is  of  Taylor  age  and  approximately  the  equivalent  of  the  Edens 
gas  sand.  It  ranges  in  thickness  from  8  to  16  feet  and  lies  about 
850  feet  below  the  surface.  Approximately  180  feet  below  it  is 
another  sand,  which  produces  large  quantities  of  salt  water,  and  this 
may  be  the  equivalent  of  the  Corsicana  sand.  The  following  well 
log  shows  the  depths  and  relations  of  the  sands  in  this  area,  although 
the  thickness  of  the  first  sand  is  probably  exaggerated : 

Log  of  T.  B.  Roberts  well  No,  9  of  Houston  Oil  Co.,  near  Chatfield,  Tew. 


Depth. 


Fed. 

8o0 1  1 

YeUowday 34  SS 

Hard  blaiflb  land 

Onvel  and  white  land . 

BiownialiBhale 993.5  381.5 

Black  quarts. fig.8  44as 

Brownliah  shale 405.8  844.1 

Throogh  sand  into  shale;  good  gas  pressure. 40.8  884.9 

Shale. U8.1  1,005 

More  gas  sand  and  better  pressure. 18.7  1,028.7 

Shale. 8.3  1,088 

Salt-water  sand 13  1,045 

Shale aodbhiish  mod;  abandoned  at  this  depth. 130.2  1,184.3 

The  gas  wells  here,  some  four  or  five  in  number,  were  small  pro- 
ducers, and  the  gas  was  piped  to  Corsicana  for  domestic  use.  Most 
of  these  wells  were  drilled  in  1906  and  1907,  and  all  of  them  were 
abandoned  and  the  casings  pulled  before  the  end  of  1911. 

AHOVS  pool. 

The  fragmentary  records  available  suggest  that  a  number  of  differ- 
ent sands  that  may  belong  to  the  Nacatoch  sand  are  present  in  the 
pool  near  Angus.    The  sands  occur  within  a  vertical  interval  of 
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about  150  feet,  and  the  wells  are  completed  at  depths  of  600  to  800 
feet.  As  no  complete  logs  of  the  wells  in  this  poo)  are  available,  the 
nmnber  and  relations  of  the  sands  can  not  be  determined,  and  their 
correlation  with  the  sands  of  the  other  pools  is  uncertain.  The  light 
gravity  of  the  oil  suggests  that  they  may  be  the  equivalent  of  the 
Corsicana  sand  instead  of  the  Nacatoch  sand.  Gas  is  most  abundant 
in  the  southwestern  l>art  of  the  pool,  where  the  beds  are  in  the  highest 
structural  position;  water  is  most  abundant  in  the  eastern  part  of 
the  pool,  where  the  beds  are  lowest 

Showings  of  oil  have  been  found  in  a  nimiber  of  wells  between 
the  Angus  pool  and  the  town  of  Angus,  among  them  being  wells 
Nos.  1  and  4  on  the  property  of  Latta*Bros.,  which  are  dripping  oil 
at  the  present  time.  Much  salt  water  is  reported  on  this  and  adjoin- 
ing leases  from  what  appears  to  be  the  upper  sand. 

A  number  of  gas  wells  have  been  drilled  northeast  of  Angus,  mostly 
on  the  Petty  and  Birdwell  leases,  but  no  records  of  them  have  been 
kept,  and  it  is  not  known  whether  the  sands  here  are  the  equivalent 
of  the  Edens  or  the  Nacatoch  sand.  On  the  Birdwell  lease  gas,  which 
was  formerly  piped  to  Corsicana,  was  found  at  a  depth  of  about  700 
feet  and  a  trace  of  oil  at  725  feet. 

TILTON-HATEVZB  FOOL. 

The  oil  from  the  Tilton-Havener  pool,  east  of  Angus,  may  be  de- 
rived from  the  equivalent  of  the  highest  sand  of  the  Angus  pool, 
although  the  well  data  are  not  sufficient  to  make  the  correlation 
conclusive. 

POWELL  DISTRICT. 
GESEBAL  FEATUEES. 

The  Powell  district  includes  all  the  pools  in  the  Corsicana  field 
that  produce  heavy  oil.  It  is  not  possible,  with  the  fragmentary 
records  available,  to  correlate  accurately  all  the  sands  in  this  district. 
The  productive  sands,  which  are  lenticular  and  vary  in  porosity  and 
thiclmess,  are  believed  to  occur  within  an  interval  of  about  100  feet. 
In  this  district  usually  two  or  three  and  exceptionally  four  produc- 
tive sands  are  reported,  besides  a  shallow  sand  that  yields  a  small 
amount  of  gas  at  a  few  places,  as  in  the  L.  K.  Pearson  and  G.  W. 
Speed  wells.  (See  PI.  XX.)  The  productive  oil  sands  in  this  dis- 
trict are  believed  to  represent  a  part  of  the  Nacatoch  sand  member 
of  the  Navarro  formation  and  are  grouped  under  the  name  Nacatoch 
sand. 
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In  the  productive  area  these  sands  lie  at  depths  ranging  from  650 
feet  west  of  Mildred  to  950  feet  north  of  Powell.  Thefy  are  about 
800  feet  above  the  Corsicana  sand  and  about  1,300  feet  above  the 
Austin  chalk.  They  are  overlain  and  underlain  by  thick  beds  of 
massive,  impervious  clay  or  clay  marl  of  marine  origin. 

The  productive  sands  of  the  Powell  district  are  separated  into 
individual  sand  beds  by  lenses  of  finer-grained  sand  and  shale.  It  is 
doubtful  whether  any  one  of  the  four  sands  that  are  reported  from 
some  wells  is  present  at  every  locality  where  wells  have  been  drilled 
in  the  district.  In  most  of  the  well  logs  two  or  three  sands  are  re- 
ported, and  in  many  of  them  only  one  sand  is  recognized,  a  condition 
that  is  not  uncommon  in  logs  of  wells  drilled  by  the  rotary  process. 
The  following  well  records  show  the  relative  positions  of  the  sands: 

Log  of  W.  L.  Derden  well  No,  5  of  Marnet  Oil  Co,,  5i  miles  east  of 

Corsicana,  Tex. 
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hog  of  C,  F.  Kerr  wM  No*  6  of  CorHoana  Petroleum  Co.,  S  mttea  eaaisoutheast 

of  Cor8icana,  Tex, 
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Log  of  J.  W,  Millican  well  No,  10  of  Corsicana  Petroleum  Co.,  S  miles  east- 

southeast  of  Corsicana,  Tew. 
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Log  Of  Bryan  T.  Barry  well  No.  15,  k  miles  east  of  Corsicana,  Tex, 
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The  highest  of  the  Nacatoch  (?)  sands  of  the  Powell  district  ranges 
in  thickness  from  8  to  15  feet  or  more  and  usually  yields  some  oil  but 
little  water.  At  some  places  it  yields  only  a  trace  or  a  small  amount 
of  oil ;  at  others  it  is  the  most  productive  sand.  The  second  and  third 
sands  are  less  persistent  than  the  others  and  are  not  recognized  at 
many  places ;  they  are  fine  grained  and  yield  but  little  oil  or  water, 
except  locally.  The  average  interval  between  the  first  and  second 
sands  is  25  feet,  between  the  second  and  third  40  feet,  and  between 
the  first  and  fourth  about  100  feet  The  lowest  sand  is  the  most 
productive  in  the  western  part  of  the  field,  where  it  probably  yields 
two-thirds  of  the  production  of  the  wells.  I^t  also  contains  much  salt 
water  near  the  southeastern  limit  of  the  individual  pools.  In  the 
^all  pools  in  the  northeast  end  of  the  Powell  district,  near  Powell, 
it  is  not  possible  to  determine  definitely  which  of  this  group  of  sands 
is  the  productive  one. 

The  Corsicana  sand  probably  underlies  the  Powell  district,  as  it 
appears  to  have  been  found  in  the  G.  W.  Speed  well,  8^  miles  east  of 
Corsicana,  beyond  the  eastern  limit  of  the  Powell  district.  Few  wells 
in  the  Powell  district  have  reached  this  sand,  and  the  possibility  of 
obtaining  oil  from  it  there  has  not  been  determined. 

mLD&SD  POOL. 

In  some  partfs  of  the  Mildred  pool,  which  extends  from  a  point  a 
short  distance  west  of  Mildred  northward  across  the  Cotton  Belt 
Railroad,  all  the  four  sands  of  the  Nacatoch  (?)  are  present.  Near 
the  south  end  of  the  pool  all  four  sands  are  productive  to  a  different 
degree  and  the  wells  are  drilled  to  the  deepest  sand;  near  the  north 
end,  on  the  other  hand,  the  upper  sand  is  more  productive,  and  on 
the  Junior  Pipe  Line  Co.'s  leases  only  a  few  of  the  wells  are  drilled 
to  the  deep  sand.  Most  of  the  wells  in  this  pool,  however,  are  drilled 
to  the  deep  sand,  and  as  the  casings  are  set  at  the  top  of  the  upper 
sand  the  product  thus  obtained  represents  the  combined  yield  of  all 
the  sands  present.  This  method  is  possible  because  most  of  the  water 
present  is  in  the  lowest  sand.  The  water  in  the  lowest  sand  is  trouble- 
some only  in  the  southeastern  edge  of  the  pool,  as  outlined  by  existing 
wells.  Near  the  central  and  western  parts  of  the  pool  little  or  no 
water  is  present,  and  many  of  the  wells  are  drilled  below  the  base  of 
the  lowest  sand  without  being  injured  by  the  presence  of  water. 

WITHEBSPOON-KoXIX  POOL. 

In  the  Witherspoon-McKie  pool  the  upper  and  lower  sands  are 
productive  but  not  the  intermediate  ones.  The  upper  sand  is  inter- 
laminated  with  shale  and  yielded  oil  and  some  gas  when  this  pool  was 
first  drilled.    It  was  developed  first,  and  a  number  of  oil  wells  were 
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completed  in  it  before  the  presence  of  the  lower  sand  was  known. 
The  interval  between  the  upper  and  lower  sands,  which  is  approxi- 
mately 100  feet,  has  been  described  as  follows : 

Partial  log  of  Stone  well  No,  4,  7  milea  east  of  Coraicana,  Tew. 
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Log  of  Stone  well  No.  5,  ,7  mUes  east  of  Corsicana,  Tea. 
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Four  gas  wells  besides  a  number  of  oil  wells  have  been  completed 
in  the  lower  sand.  One  of  the  gas  wells,  which  had  a  reported  pres- 
sure of  850  pounds  to  the  square  inch  and  a  volmne  of  4,000,000 
cubic  feet,  supplied  the  city  of  Corsicana  with  gas  for  three  years. 
At  present  the  gas  from  these  wells  is  not  being  used,  and  the  gas 
pressure  has  decreased  so  much  that  the  wells  would  yield  little  with- 
out the  installation  of  compressors.  At  least  one  oil  well  in  this  sand 
flowed  for  a  few  days  as  much  as  150  to  200  barrels  of  oil.  In  this 
pool  only  the  top  of  the  sand  in  places  where  the  structural  conditions 
were  most  favorable  was  filled  with  oil  and  gas;  elsewhere  the  sand 
carried  salt  water.  Water  was  troublesome  over  the  entire  pool,  and 
many  of  the  wells  that  were  drilled  only  a  few  feet  into  the  sand 
yielded  too  much  water  to  justify  the  cost  of  pumping.  All  the  wells 
at  the  north  end  of  the  pool  have  been  abandoned. 

OLEXXNTS-BVOKANAH  POOL. 


The  small  oil  pool  on  the  Clements  and  Buchanan  leases  is  be- 
lieved to  be  productive  from  the  lower  bed  of  the  Nacatoch  (?)  sand 
of  that  area.  No  complete  logs  of  any  of  the  wells  in  this  area  are 
available,  and  the  partial  logs  contain  no  mention  of  any  upper  sands; 
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if  such  sands  are  present  they  were  doubtless  unproductive.  The  only 
gas  obtained  in  this  pool  is  casing-head  gas,  which  is  used  as  a  fuel 
in  the  gas  engine  employed  in  pumping  the  wella 

BIT&KB  POOL. 

All  the  oil  from  the  Burke  pool  is  derived  from  one  sand,  which 
is  probably  the  upper  bed  of  the  Nacatoch  (?)  sand  of  the  district 
No  gas  wells  were  developed  in  the  main  pool ;  some  gas  was  found, 
however,  at  the  north  edge  of  it,  but  whether  in  the  productive  oil 
sand  or  a  shallower  sand  is  not  known.  A  shallow  sand  about  200  feet 
above  the  oil  sand  yielded  gas  on  the  Pearson  lease.  The  oil  sand 
contains  water  in  troublesome  quantities  only  around  the  edge  of  the 
pool ;  the  wells  near  the  center  of  the  pool  yield  little  or  no  water 
The  presence  of  a  well-developed  fold  in  this  area  probably  accounts 
for  the  fact  that  the  water  conditions  are  different  from  those  in 
many  of  the  other  pools  of  the  field,  where  water  is  present  in  abun- 
dance only  on  the  southeast  sides  of  the  pools. 

001CBE8T  AVD  WHITS  POOLS. 

The  productive  sand  in  the  Combest  and  White  pools,  near  Powell, 
is  believed  to  be  the  same  as  that  in  the  Burke  pool — that  is,  the 
highest  of  the  Nacatoch  (?)  sands  in  the  Powell  district — but  the  lack 
of  accurate  well  logs  makes  a  definite  correlation  impossible.  Small 
pockets  of  gas  under  considerable  pressure  have  been  found  in  the 
Combest  pool.  One  gas  well  in  this  pool  gave  considerable  promise, 
and  a  pipe  line  to  Corsicana  was  planned,  but  before  the  line  could 
be  laid  the  well  was  practically  exhausted. 

COKPOSITIOK. 
OIL. 

The  accompanying  table  of  analyses  shows  the  general  quality  of 
the  oil  found  in  the  Corsicana  and  Powell  districts.  For  the  purpose 
of  comparison  there  have  been  added  analyses  of  the  oil  from  the 
Nacatoch  sand  in  Caddo  Parish  and  from  the  deep  oil  sands  of 
northwestern  Louisiana.  The  sample  from  the  Nacatoch  sand 
(Dawes  well)  affords  the  most  valuable  comparison,  because  this  is 
the  approximate  equivalent  of  the  sands  in  the  Powell  pool.  North- 
western Louisiana  does  not  appear  to  contain  any  producing  sands 
equivalent  to  the  Corsicana,  and  the  exact  relations  of  the  sand  of 
the  Angus  pool  are  unknown.  It  may  prove  to  be  the  equivalent  of  ' 
the  Nacatoch  sand,  but  if  so,  the  quality  of  the  oil  is  unlike  that 
of  the  oil  from  any  other  pool  in  this  sand. 
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In  interpreting  the  table,  it  should  be  remembered  that  the  gravity 
of  the  oil  distilled  at  temperatures  up  to  150°  C.  corresponds  approxi- 
mately to  that  of  gasoline,  though  in  practice  the  gasoline  supplied 
by  the  refineries  is  intended  to  meet  the  requirements  of  the  market, 
and  as  thejresult  of  distillation  to  a  somewhat  higher  temperature 
it  may  be  of  slightly  lower  gravity  than  that  obtained  from  the 
samples. 

The  oil  obtained  between  the  maximum  temperature  of  gasoline 
distillation  and  300°  represents  the  kerosene.  The  residuum  is  used 
as  a  fuel  and  in  the  manufacture  of  the  heavier  petroleum  products, 
such  as  lubricating  oils. 

The  determinations  set  forth  in  the  table  were  made  from  small 
samples  obtained  from  only  a  few  of  the  wells  and  may  not  be 
altogether  representative  of  the  character  of  the  oils  in  the  different 
pools.  The  sample  from  the  Angus  pool  compares  very  favorably 
with  those  from  the  Corsicana  pool.  These  lighter  dils  may  be  con- 
trasted with  the  samples  from  the  Gibson,  Wright,  and  Burke  wells, 
which  show  the  quality  of  the  oil  from  the  Nacatoeh(  ?)  sands  of  the 
Powell  district.  The  Gibson  well  supplied  oil  that  is  only  slightly 
heavier  than  that  of  the  Angus  and  Corsicana  pools,  the  difference 
being  most  marked  in  the  quantity  of  gasoline  that  can  be  obtained 
from  it.  This  oil  should  be  valuable  for  refining,  especially  when  the 
lighter  products,  such  as  gasoline,  are  in  demand.  The  samples  from 
the  Wright  and  Burke  leases  were  much  heavier  than  the  others  and 
yielded  only  about  two-thirds  as  much  kerosene.  The  quantity  of 
residuum  is  naturally  higher  in  the  heavier  oils  than  in  the  lighter 
oil& 

The  percentage  of  unsaturated  hydrocarbons  in  the  oils  is  variable. 
The  unsaturated  hydrocarbons  in  the  gasoline  are  negligible,  because 
they  are  not  distilled  in  quantity  below  160°,  but  in  the  kerosene  the 
percentages  are  noticeable,  though  the  sample  from  the  Gibson  well 
shows  an  unusually  small  amount  In  thorough  refining  the  unsatur- 
ated hydrocarbons  will  be  largely  removed  and  the  amount  of  kero- 
sene will  thereby  be  diminished. 

The  sample  from  the  Nacatoch  sand  in  the  Caddo  field  (Dawes 
well)  is  somewhat  heavier  than  any  of  the  samples  examined  from 
the  Corsicana  field.  The  oil  is  used  as  a  fuel  and  is  much  less  valu- 
able for  refining  than  the  oils  of  the  Powell  field. 

The  sample  from  the  Scales  well,  in  De  Soto  Parish,  La.,  is  lighter 
than  any  of  those  from  the  Corsicana  field,  but  the  sample  from  the 
McCue  Levee  Board  well,  in  the  Caddo  field,  is  of  but  very  little 
better  grade  than  the  heavier  oil  of  the  Powell  district,  obtained 
from  the  Wright  and  Burke  leases.  The  oil  from  the  Christine  well, 
of  the  De  Soto  field,  more  nearly  represents  the  high-grade  oils  of 
northwestern  Louisiana  than  either  the  Scales  or  McCue  Lievee 
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Board  samples.  It  is  the  lightest  oil  represented  in  the  table;  its 
gasoline  and  kerosene  contents  are  higher  than  those  shown  by  any  of 
the  samples  from  the  Corsicana  pool,  and  the  residuum  is  correspond- 
ingly lower.  The  oil  from  this  well  is  from  the  chalk  rock,  but  in 
composition  it  resembles  the  higher-grade  oils  from  the  deep  sand  of 
the  Caddo  field  more  than  the  oils  from  the  chalk. 

Asphalt  was  present  in  all  the  samples  from  the  Corsicana  field 
except  one,  but  the  percentage  was  small  in  most  of  the  samples. 
The  percentage  of  asphalt  in  the  sample  from  the  McCue  Levee 
Board  well  is  unusually  high ;  the  other  samples  from  northwestern 
Louisiana  contain  practically  no  asphalt 


GAS.    - 

The  gases  from  the  upper  part  of  the  Upper  Cretaceous  series  are 
similar  in  composition  in  the  different  fields,  as  shown  by  the  accom- 
panying table.  The  combustible  constituent  that  forms  a  very  large 
proportion  of  all  of  them  is  methane  (CH^) ;  the  minor  constituents 
are  carbon  dioidde  (CO,)  and  nitrogen  (N,).  Some  of  the  deeper 
gases  in  the  lower  part  of  the  Upper  Cretaceous  and  the  sample  from 
the  Petrolia  field  contain  more  or  less  ethane  (CsHe),  but  this  con- 
stituent is  not  present,  so  far  as  has  been  learned  by  analyses  of  a 
number  of  samples,  in  any  of  the  gases  from  the  upper  part  of  the 
Upper  Cretaceous.  The  presence  or  absence  of  ethane  has  some- 
times been  used  as  a  means  of  determining  whether  a  sand  contains 
oil  in  addition  to  gas,  it  being  assumed  that  if  no  ethane  is  present 
there  is  no  oil  in  the  sand.  This  assumption  is  erroneous,  because  the 
sand  that  supplied  the  Edwards  well,  in  the  Caddo  field  (No.  4  in 
table),  contains  oil  in  the  same  part  of  the  field  where  the  gas  sample 
was  taken. 

Analyses  of  gas  from  the  Corsicana  and  other  fields. 

[By  BwMa  oT  HIimb.] 
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1.  WeD  N».  1  on  Haekey  lease,  near  Corsieana,  Tex. 

3.  Well  on  AngUn  lease  of  Robinson  Oil  A  Qas  Co.,  Hexia-Oroeibeok  field,  Tex.    U.  S.  QeoL  Survey 
BalLe29,p.l03,19l(L 

3.  Well  on  L.  B.  Phillips  lease  oT  Southwestern  Oas  4i  Electric  Ca,  10  mDes  west  of  Shreveport,  Ia. 
I>epth  1,008  feet. 

4.  Edwards  well  Na  1  of  Southern  OH  &  Oas  Co.,  sec.  23,  T.  21  N.»  R.  U  W.,  Caddo  field,  near  Vivian, 
La.    Depth  1,040  feet. 

gb  Swamp  gas. 

6.  Beattf  weU  Na  1,  Petrolia  field,  Tex.    U.  B.  Oeol.  Survay  Boll.  639,  p.  41, 1916. 

7.  P.  H.Youree  well  No.  3  of  Oulf  Refining  Co.  of  Louisiana,  sec.  33,  T.  17  N.,  R.  14  W.,  south  of  Bhreve> 
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Because  of  difficulty  in  collecting  sample  No.  1,  the  only  one 
obtained  from  the  Corsicana  field,  some  air  was  included,  which 
resulted  in  a  slight  increase  in  the  carbon  dioxide,  the  introduction 
of  oxygen,  and  a  considerable  increase  in  the  amount  of  nitrogen. 
This  brought  about  a  lowering  of  the  percentage  of  the  combustible 
constituent  methane  and  a  consequent  lowering  in  the  heating  value. 
In  the  samples  of  gases  obtained  from  the  Upper  Cretaceous  in  the 
Mexia-Groesbeck  field  (No.  2),  the  Shreveport  field  (No.  8),  and 
the  Caddo  field  (No.  4),  the  percentages  of  the  constituents  other 
than  methane  are  small,  and  their  importance  depends  upon  the  fact 
that  they  are  inert  and  require  a  certain  amount  of  heat  to  increase 
their  temperature,  thereby  lowering  the  heating  value  of  the  gas. 
The  heating  value  is  expressed  in  British  thermal  units.^  It  depends 
upon  the  pressure  to  which  the  gas  is  subjected,  and  a  uniform  pres- 
sure equivalent  to  that  of  a  column  of  mercury  760  millimeters  high 
has  been  used  as  a  standard  in  making  the  determinations.  The  low 
heating  value  of  the  sample  from  the  Corsicana  field  is  probably  due 
to  the  presence  of  air  in  the  sample. 

The  composition  of  these  gases  may  be  contrasted  with  that  of  a 
swamp  gas  (No.  5)  and  that  of  the  gas  from  the  Petrolia  field  (No. 
6),  in  which  the  low  percentages  of  methane  are  acccxnpanied  by  low 
heating  values.  Sample  No.  7  represents  the  deep  gas  from  the 
Shreveport  field  and  shows  the  general  character  of  the  gases  from 
the  lower  part  of  the  Upper  Cretaceous,  though  some  of  these  gases 
contain  no  ethane  and  others  contain  more  than  this  sample. 

The  gases  obtained  from  the  upper  sands  of  the  Upper  Cretaceous 
compare  favorably  in  heating  value  with  those  from  the  California 
fields,  though  some  of  the  samples  from  Orange  and  Ventura  coun- 
ties, Cal.,  have  heating  values  ranging  from  1,100  to  1,240  British 
thermal  units.  The  number  of  available  analyses  of  Oklahoma  gases 
does  not  warrant  definite  conclusions  concerning  their  relative  values, 
though  apparently  some  of  them  are  about  the  same  as  the  best 
Upper  Cretaceous  gases  of  Texas  and  Louisiana  and  some  are  slightly 
higher  in  heating  value.  Most  of  the  gases  from  Pennsylvania  and 
West  Virginia  have  higher  heating  values,  many  of  them  exceeding 
1,200  British  thermal  units« 

OBIOIN. 

The  oil  of  the  Corsicana  field  is  believed  to  have  originated  from 
organic  matter  in  the  shales  that  inclose  the  sands  and  to  a  minor 
extent  in  the  sands  themselves.    The  evidence  in  favor  of  local  origin 

1  A  British  thermal  unit  Is  the  amount  of  heat  required  to  raise  1  powid  of  water  1*  F. 
at  or  near  its  miilmum  densitj  (about  89.1*"). 
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is  given  in  the  following  discussion  of  migration  and  accumulation. 
The  character  of  the  organic  matter  that  was  the  source  of  the  oil 
and  gas  can  not  be  easily  ascertained,  though  apparently  both  vege- 
table and  animal  matter  of  marine  origin  are  present.  The  entire 
series  of  beds  between  levels  nearly  600  feet  below  the  lowest  sand 
and  700  feet  above  the  highest  sand  is  of  marine  origin  but  was 
formed  near  the  shore,  as  is  shown  by  the  abundance  of  land-derived 
sediments.  No  remains  of  .terrestrial  plants  or  animals  have  been 
found  in  these  sediments,  and  such  remains  were  probably  not 
abundant  enough  to  yield  much  of  the  oil  and  gas  if  those  substances 
were  formed  in  place.  Although  oil  may  be  transported  mechani- 
cally with  sediments,  as  noted  by  Stuart,^  it  is  improf)able  that  a 
large  amount  would  be  accumulated  in  that  way,  and  origin  from 
the  organic  matter  in  the  sediments  is  believed  to  be  more  probable. 

The  conclusion  that  the  oil  and  gas  were  derived  from  marine 
plants  or  animals,  or  both,  is  strengthened  by  the  presence  in  the 
sands  and  associated  shales  of  remains  of  Foraminifera  and  carbon- 
ized residues  of  what  are  believed  to  have  been  marine  plants. 

MIOBATIOK. 

VERTICAL  MIGRATION. 

• 

The  productive  sands  are  included  in  a  series  of  massive  clays  that 
would  prevent  extensive  migration  of  the  oil  and  gas  in  a  vertical 
direction  except  where  there  were  faults  of  large  displacement.  The 
region  has  he&a  thoroughly  prospected,  and  the  geology  has  been 
studied  in  sufficient  detail  to  indicate  that  no  such  faults  exist  in 
the  field.  Veitical  migration  between  the  different  sands  has  not 
occurred,  as  is  shown  by  the  presence  of  gas  in  some  of  the  sands 
below  the  beds  that  yield  oil.  The  pr^ence  of  the  oil  and  gas  in 
this  field  is  in  itself  evidence  of  the  absence  of  extensive  vertical 
migration,  because  they  would  have  escaped  to  the  surface  if  un- 
interrupted vertical  migration  had  been  possible,  whereas  no  seepages 
of  oil  or  gas  are  known  in  this  field. 

The  first  sand  beds  encountered  below  the  producing  sands  belong 
to  the  Woodbine  sand,  and  that  migraticm  upward  from  this  sand 
or  from  lower  sands  has  not  occurred  is  shown  by  the  difference  in 
composition  of  the  water  in  the  sands.  The  accompanying  analyses 
of  water  from  the  Woodbine  sand  and  the  Corsicana  sand  show  that 
the  shallower  sand  contains  strong  brine,  and  that  the  water  from 
the  Woodbine  is  comparatively  fresh. 

^Stnart,  Murray,  The  sedimentary  deposition  of  oil:  Oeol.  Survey  India  Rec.,  vol.  40, 
pp.  82<>-8d8»  1910. 
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Analyaes  of  water  from  the  CorBicana  and  Woodbine  $a»d9. 
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1.  Robbios  veils  Nos.  0,  7,  and  12,  and  Polk  wells  Nos  7,  8,  and  10,  Corsicana  pool,  near  CoisicaBa,  Tex. 
Water  from  Corsicana  saad.    8.  C.  Dlnsmore,  analyst. 

2.  Natatoiium  well,  Corsicana,  Tex.    Water  from  Woodbine  sand  at  depth  of  2,300  leet.   8.  C.  Dinsmore, 

If  there  had  been  sufficient  migration  to  bring  the  oil  from  the 
Woodbine  sand,  or  through  the  Woodbine  from  lower  sands,  enough 
water  would  probably  have  risen  from  the  Woodbine  to  dilute  the 
brine  in  the  higher  sands. 


HORIZONTAL,  MIGRATION. 

The  disti'ibution  of  the  sands  in  the  Corsicana  field  favors  migra- 
tion only  in  a  nearly  horizontal  direction,  approximately  parallel  to 
the  beds.  The  productive  sands  are  fine  grained,  and  the  water  does 
not  escape  freely  in  the  direction  of  the  dip.  It  is  of  course  probable 
that  somewhere  along  the  dip  the  sand  beds  give  place  to  shale,  but 
this  change  to  finer-grained  material  must  occur  some  distance  south- 
east of  the  oil  field,  because  the  Corsicana  sand  has  been  found  in 
wells  some  distance  beyond  the  productive  area,  and  the  Nacatoch  (?) 
sand  was  probably  encountered  in  the  well  of  the  Mitohell-Crittendon 
Co.,  4  miles  northwest  of  Malakof ,  where  it  contained  a  large  amount 
of  salt  water  and  enough  gas  to  bum  at  the  mouth  of  the  welL  The 
sands  in  the  Corsicana  field,  though  fine  grained,  are  apparently  very 
porous — in  fact,  fine-grained  sands  are  likely  to  be  more  porous  than 
coarse-grained  sands,  because  in  most  coarse  sand  there  is  enough 
fine  material  to  partly  fill  some  of  the  pores  between  the  larger  grains. 
The  fine-grained  sands  in  the  Corsicana  field  have  a  large  aggregate 
pore  space  but  do  not  favor  free  migration  of  fluids,  because  of  the 
gmifllnpflg  of  the  individual  openings  between  the  sand  grains.  The 
small  amount  of  movem^it  of  fluids  in  the  sands  is  indicated  by  the 
presence  of  salt  water  within  4  or  5  miles  of  the  outcrop  of  the  for- 
mation. This  salt  water  does  not  indicate,  however,  that  there  has 
been  no  movement  of  the  fluids  away  from  the  outcrop,  as  the  original 
position  of  the  outcrop,  before  erosion  occurred,  was  some  distance 
farther  northwest  than  at  present,  and  fresh  water  may  have  mi- 
grated downward  from  the  outcrop  at  about  the  same  rate  as  the 
change  in  its  position  resulting  from  erosion. 


i 
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In  the  Corsicana  field  and  along  the  strike  of  the  Nacatoch  (?)  sand 
for  a  distance  of  100  miles  both  north  and  south  of  the  field  salt 
water  is  found  near  the  outcrop  in  the  lateral  extensions  of  the  sand. 

ACCUMTTULTIOH. 

-^It  is  supposed  by  many  geologists  that  the  transfer  of  oil  and  gas 
irom  shales  to  sands  is  the  result  of  pressure  from  the  materials 
deposited  upon  the  petroliferous  beds.  The  aggregate  weight  of  the 
overlying  formations  may  of  course  be  large,  but  it  was  added  very 
slowly  as  the  sediments  were  deposited  particle  by  particle,  and  the 
process  of  compacting  the  shales  and  associated  sands  kept  pace  with 
the  addition  of  the  materials  to  the  overlying  formations.  In  this 
process  the  amount  of  pore  space  in  both  sands  and.  shales  was  re- 
duced— that  of  the  sands  by  readjustment  between  the  more  or  less 
angular  grains.  At  the  same  time  and  subsequently  a  certain  amount 
of  cementation  took  place  which  further  reduced  the  pore  space  and 
increased  the  rigidity  of  the  beds,  especially  those  of  sandstone,  which 
consisted  of  grains  that  in  themselves  were  strong  enough  to  be  rigid. 
This  compacting  and  cementing  must  have  resulted  in  the  transfer 
from  the  shales  to  the  sands  of  a  part  of  the  salt  water  that  had  been 
included  in  the  beds  when  they  were  deposited  and,  with  the  water, 
some  of  the  oil  and  gas  that  had  already  been  formed,  because  the 
diales  were  softer  and  the  aggr^ate  pore  space  was  reduced  more 
than  the  aggregate  pore  space  of  the  sandstones. 

After  the  compacting  that  resulted  from  the  depositicm  of  the  over- 
lying formations  both  shales  and  sandstones  were  subjected  to  fold- 
ings, which  caused  further  adjustment  between  their  component  par- 
ticles. In  the  later  stages  and  possibly  throughout  all  the  period  of 
folding  the  shales  were  subjected  to  greater  reduction  in  volume 
than  the  sands  because  they  had  originally  greater  pore  space  and 
were  less  rigid.  This  resulted  in  the  transfer  of  fluids,  c(»isisting  in 
part  of  salt  water  and  in  part  of  oil  and  gas,  from  the  shales  into  the 
sands.  The  oil  and  gas  thus  transferred  to  fine-grained  sandstone 
or  sand  were  free  to  migrate  laterally,  as  they  were  not  in  the  dense 
shales. 

According  to  the  writers'  interpretation  of  the  conditions  in  the 
Corsicana  field  capillary  forces,  together  with  the  force  of  gravity, 
produced  some  segregation  of  the  oil  and  gas  from  the  salt  water  dur- 
ing their  migration  up  the  dip.  Although  the  folding  was  slow,  there' 
may  have  been  a  sufficient  amount  of  fluid  forced  into  the  sand  at 
times  to  cause  a  slight  movement  up  the  dip  toward  the  outcrop,  and 
such  a  movement  would  assist  in  the  accumulation  of  the  oil  and  gas 
in,  the  higher  structural  positions.    Circulating  waters  doubtless 
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brought  both  oil  and  gas  to  the  pools,  and  these  were  added  to  the 
stores  accumulating  under  the  influence  of  gravity  and  capillary  at- 
traction. The  oil  accumulated  by  circulating  fluids  would  naturally 
be  gathered  where  the  circulation  was  arrested,  as  for  example  around 
the  north  end  of  the  Mildred  pool.  Some  accumulations  occur  on 
areas  of  steep  dip  beyond  the  lower  margins  T)f  areas  of  lower  dip,  as 
in  the  Clements-Buchanan  pool.  If  perfect  hydrostatic  adjustment 
had  been  attained,  and  if  the  sands  were  imiform,  these  areas  of  low 
dip  would  have  been  the  most  productive,  because  the  gas  and  oU 
would  have  collected  there,  but  the  decreased  dip  checked  the  upward 
migration  of  the  oil  and  gas,  and  this  check,  together  with  differ- 
ences in  the  porosity  of  the  sand,  in  some  places  prevented  the  accu- 
mulation of  oil  and  gas  on  the  high  portions  of  the  folds,  in  the  areas 
of  low  dip.  The  lack  of  vigorous  circulation  and  the  variations  in  the 
porosity  of  the  sands  have  hindered  accumulation  of  the  oil  and  gas 
in  strict  accordance  with  the  structure. 

FBODTTCTIOK. 

DAILY  PRODUCTION. 

No  large  wells  comparable  to  those  of  the  salt-dome  fields  of  the 
coastal  region  of  Texas  and  Louisiana  or  to  those  of  thd  stratum 
fields  of  northwestern  Louisiana  have  been  drilled  in  the  Corsicana 
field ;  in  general  the  wells  of  this  field  are  small  producers  but  have 
a  relatively  long  life.  In  the  early  history  of  the  field  the  maximum 
initial  daily  production  of  the  best  wells  did  not  exceed  200  barrels 
and  in  only  a  few  wells  has  the  initial  production  exceeded  100  bar- 
rels The  most  productive  individual  wells  were  drilled  in  the 
Powell  district,  where  the  variation  in  initial  production  was  large. 
The  average  production  of  the  wells  in  the  Powell  and  Corsicana 
districts,  however,  is  probably  not  very  different.  The  early  wells  in 
the  Corsicana  pool  produced  initially  from  16  to  60  barrels  a  day; 
in  the  Burke  pool,  at  Powell,  from  10  to  200  barrels;  and  in  the 
Angus  pool  10  to  15  barrels. 

Average  initial  daily  production^  in  harrela,  of  oU  toeUs  drilled  in  the  OorMoana 

field,  1908-1915. 

[Fram  U.  8.  (ML  Survey  MInflnd  Bwoanes.] 
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FiaORM  Bl. — Dltgnm  ibowlng  mTerase  dallr  production  ol  wells,  nnmber  of  producing 
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After  a  rather  rapid  decline  during  the  first  few  months  of  pro- 
duction, the  wells  have  produced  at  a  r^narkably  uniform  rate  for 
many  years.  Unfortunately,  statistics  are  not  available  for  the  con- 
struction of  a  curve  showing  the  rate  of  decline  of  the  wells  in  this 
field ;  but  the  wells  on  a  number  of  leases  in  the  Corsicana  pool  pro- 
duced almost  as  much  in  1914  as  in  1903,  and  some  other  wells  that 
had  been  cleaned  and  drilled  a  few  feet  deeper  produced  more  in 
1914  than  in  1902. 


Average  daUy  production  per  toeU,  in  barrels^  on  two  leasea  in  the  Corsicana 

district  during  January,  1902-1904  and  1915. 
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The  average  daily  production  per  well  in  the  Corsicana  field  for 
the  years  1898  to  1915,  as  computed  from  the  statistics  given  in 
Mineral  Besources  of  the  United  States,  is  shown  in  figure  31.  This 
diagram  shows  an  abrupt  drop  in  1898,  the  second  year  for  which  the 
daily  production  was  calculated,  and  then  a  gradual  decline  until 
1905.  In  1906  the  Powell  district  was  discovered  and  the  average 
daily  production  of  this  district  was  included  with  that  of  Corsicana, 
resulting  in  an  abrupt  rise  in  the  average  daily  production  per  welL 
The  decline  during  the  next  two  years  was  rapid,  because  the  early 
wells  in  the  Powell  district  came  in  with  a  fairly  large  yield  but 
quickly  declined.    Since  that  time  the  decline  has  been  very  gradual 

LIFE  OF  WELLS. 

Many  wells  in  the  Corsicana  field  have  been  producing  for  15  to 
18  yeaps,  although  a  greater  number  have  been  abandoned  after  hav- 
ing been  pumped  a  shorter  period.  The  following  table  gives  sta- 
tistics of  the  wells  that  have  been  drilled  annually  from  1896  to  1916 : 
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Wells  drilled  in  Corsicana  oU  field,  Tem^  1896^1916. 


[From  XT.  8.  0«qL  Surrey  MbMral  Refooroes.] 
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37 

342 

160 

ft  261 

•47 

dl2 

70 

46 

48 

217 

74 

6 

o28 

o90 

o98 

16 

13 

23 

25 

18 

100 

46 

1906. 

1909 

1910. 

1911  i 

1912/..... 

1913  i 

1914  J 

1915 

Total*.. 

955 

<118 
30 
24 

4 

15 

1 

38 
91 
78 
20 
17 

3 
10 

1 

17 
20 
45 
19 

7 
1 
5 

3 

1898. 

1888. 

1900. 

1901 

1902. 

1908. 

1904 

4 
0 

14 
5 
3 
7 
3 
2 

13 

7 

70 
112 
27 
46 
51 
31 
41 
79 
(/) 

1 

1QQ5 

1906. 

2,224 

1,575 

586 

1907 

•  Indudes  2  artesian  wefls. 
ft  Inolodes  56  in  Powell  district, 
c  Indudea  10  in  Powell  district. 
'  Indodea  2  in  Powell  district. 
<  Inolodes  104  in  Powell  district. 
/  Data  not  available. 


9  Includes  42  in  Powell  district. 

ft  Includes  118  in  Powell  district 

i  Includes  91  in  Powell  district. 

/  Does  not  include  wells  in  Pbwell  district. 

ft  Does  not  include  wells  in  Powell  district  for  1011*1914. 


Approximately  one-third  of  the  productive  wells  that  had  been 
drilled  prior  to.  the  end  of  1905  had  been  abandoned  at  that  time, 
and  as  most  of  these  wells  had  been  drilled  between  1898  and 
1900,  the  average  age  of  the  wells  was  then  about  6  years.  At  this 
rate  all  the  wells  would  be  abandoned  in  18  years,  and  the  average  life 
of  a  well  would  be  roughly  9  years.  As  many  of  the  abandoned  wells 
were  located  near  the  edge  of  the  pool,  where  salt  water  would  drown 
them  in  a  short  time,  this  figure  for  the  average  life  of  a  well  might 
seem  to  be  too  low,  but  a  consideration  of  the  total  number  of  wells 
drilled  to  1914,  their  average  age,  and  the  number  of  abandoned  wells 
bears  out  the  same  conclusion — ^that  the  average  life  of  a  well  in  the 
Corsicana  field  is  approximately  9  or  10  years.  It  must  be  remem- 
bered, however,  that  many  of  the  wells  are  pumped  when  they  yield 
only  a  small  fraction  of  a  barrel  a  day,  because,  with  the  multiple 
system  of  pumping,  the  pumping  of  an  individual  well  may  not  have 
much  effect  on  the  cost  of  operating  a  lease. 


YEARLY  PRODUCTION. 

« 

The  maximum  annual  production  of  829,560  barrels  in  the  Corsi- 
cana pool,  the  light-oil  district,  was  reached  in  1900,  four  years  after 
the  pool  was  discovered.  The  production  has  declined  gradually 
since  that  time.  The  Powell  district,  which  yields  heavy  oil,  was  dis- 
covered in  1900  and  reached  its  maximum  annual  production  of 
673,221  barrels  in  1906.  The  field  as  a  whole  also  reached  its  maxi- 
mum production  in  1906,  when  it  yielded  more  than  1,000,000  barrels 
of  oil.  It  will  probably  be  many  years,  however,  before  the  field  is 
entirely  exhausted. 
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The  production  of  the  Corsicana  field  is  shown  in  the  following 
statistical  table  and  also  by  figure  32: 


Oil  produced  in  the  Corsiama  field,  Tex.,  in  barrels,  1896-1915. 

[From  U.  S.  Qeol.  Surrey  MSnsnl  ReaooroeB.] 


Year. 


1896.. 
1807.. 

1898.. 

18BB.. 

1900. 

1901.. 

1902.. 

1903.. 

1904.. 

1906.. 

1906.. 


Corsicana 
district. 

Powell 
district. 

•  1,450 
•  65,975 
644,620 
668,483 
820,560 
763,424 
571,050 
401,817 
874,318 
311,554 
332,622 

•  6,479 
•  37,121 
46,812 
100,143 
129,320 
132,866 
673,221 

Year. 


1907.. 
1906.. 
1909.. 
1910.. 
1911.. 
1912.. 
1913.. 
1914.. 
1915.. 


Corsicana 
district. 


226,811 
211, 117 
180,764 
137,331 
128,526 
233,282 
158,830 
133.811 
143,275 


6,418,120 


Powell 
district. 


596,897 
421,  Om 
883,137 
450,188 
873,065 
251,240 
282,476 
282,270 
237,410 


4,404,3U 


•  Tndndes  a  small  quantity  produced  elsewhere  in  Texas. 
PRODUCTION   PER  ACRE. 

The  productive  area  of  the  light-oil  district,  as  outlined  on  the  map 
(PL  XXI),  including  the  Corsicana,  Angus,  and  Tilton-Havener 
pools,  is  approximately  3,580  acres.  The  production  from  this  area 
to  the  end  of  1915  was  6,418,129  barrels,  and  thus  the  average  pro- 
duction per  acre  has  been  1,792  barrels.  From  the  production  curve 
shown  in  figure  82  the  total  reserve  of  the  pool  at  the  end  of  1915  is 
estimated  at  558,000  barrels,  or  156  barrels  per  acre,  making  the  esti- 
mated ultimate  production  1,948  barrels  per  acre. 

Another  figure  for  the  area  of  the  Corsicana  pool  was  obtained  by 
dividing  the  productive  area  into  10-acre  tracts  and  counting  all  the 
tracts  on  which  there  was  one  or  more  productive  wells  and  eliminat- 
ing those  on  which  there  were  none.  The  area  thus  arrived  at  was 
3,185  acres.  On  this  acreage  the  production  per  acre  to  the  end  of 
1915  was  2,015  barrels,  the  reserve  at  that  time,  was  175  barrels,  and 
the  ultimate  production  would  be  2,190  barrels.  The  yield  of  2,015 
barrels  per  acre  is  equivalent  to  a  layer  of  oil  covering  an  acre  0.26 
foot  deep  and  2,190  barrels  per  acre  to  a  layer  0.28  foot  deep.  It  is 
impossible,  of  course,  to  determine  the  exact  area  from  which  the  oil 
has  been  obtained,  just  as  it  is  impossible  to  estimate  the  percentage 
of  oil  that  is  recoverable.  However,  owing  to  the  low  gas  pressure 
and  the  lack  of  vigorous  hydraulic  circulation  in  this  pool,  it  is  be- 
lieved that  the  productive  area  is  probably  nearer  3,185  than  8,580 
acres. 

In  like  manner  the  productive  area  of  the  Powell  district  (includ- 
ing all  the  small  pools  of  heavy  oil)  is  2,700  acres,  as  outlined  on 
Plate  XXI,  or  2,465  acres,  as  determined  by  counting  10-acre  tracts 
containing  one  or  more  wells.    The  production  to  the  end  of  1915 
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was  4,404,312  barrels — 1,631  barrels  per  acre  for  2,700  acres,  or 
1,787  barrels  per  acre  for  2,465  acres.  The  reserve  at  that  time,  as 
estimated  from  the  production  curve  shown  in  figure  32,  was  1,135,000 
barrels — 420  barrels  per  acre  for  2,700  acres,  or  456  barrels  per  acre 
for  2,465  acres.  The  total  ultimate  production  is  estimated  to  be 
2,051  barrels  per  acre  for  2,700  acres,  or  2,^43  barrels  per  acre  for 
2,465  acres. 

VAIiUE. 

The  table  below  shows  the  average  value  per  barrel  of  the  oil  in 
the  C!orsicana  and  Powell  districts  and  a  number  of  other  fields  of 
the  United  States. 


Average  price  of  oU  per  barrel  in  different  fields  of  the  United  States  for 

1913,  1914,  and  1915. 

{Ynm  U.  8.  OeoL  Survey  Minflrel  Resooroes.] 


Field  or  pooL 


Ttozas: 

Goi 

Pow«U 

Wichita  Coonty. 

Humble 

T<ontriftmfc: 

Jennings 

Quldo. 


1013 


10.987 

.766 

LOOl 

.066 

.074 
1.003 


lOU 


00.028 
.600 
.825 
.548 

.000 

QdSL 


1015 


Sa744 

.440 
.628 
.482 

.486 
.710 


Field  or  pool. 


Oklahoma. ...,, 

Galifbrnia:  San    Joaquin 

Valley 

Colorado:  Florence 

Wvoming 

Indiana 

Wcet  Virginia. 

Pennsylvania 


1013 


10.087 

.444 

.000 

.403 

1.337 

2.402 

2.487 


1014 


10.778 

.  44o 


.472 
1.160 
1.008 
1.006 


1913 


30.  $79 

.336 
.859 

.523 


1.561 
L5M 


CONDITIONS  AJTECTINa  EXPLOITATION. 


METHODS  AND  COST  OF  DBmLINO. 

Both  hydraulic  rotary  and  cable  tools  have  been  employed  in  the 
Corsicana  field.  Because  of  the  softness  of  the  strata  and  the 
absence  of  thick  beds  of  hard  rock,  the  rotary  method  is  the  quickest 
and  most  economical ;  it  is  stated  that  as  much  as  1,000  feet  has  been 
drilled  in  36  hours  by  this  method.  It  has  the  disadvantage  of 
obscuring  the  presence  of  traces  of  oil  and  beds  of  fine  sand  and  of 
putting  the  productive  sand  under  a  heavy  pressure  of  mud-laden 
water.  This  method  has  been  satisfactory,  however,  especially  in 
proved  territory  where  the  underground  conditions  are  well  known 
from  the  records  of  previous  wells. 

Wells  in  this  field  are  drilled  at  a  cost  of  50  to  60  cents  a  foot,  and 
the  total  cost  of  a  well,  exclusive  of  casing,  is  about  $550  to  $650  in 
the  Corsicana  district  and  $350  to  $450  in  the  Powell  district.  If  a 
paying  well  is  not  obtained,  the  casing  is  pulled  out,  and  all  that  is 
lost  is  the  cost  of  drilling.  With  a  rotary  rig  it  requires  from  two 
days  to  a  week  to  complete  a  well  in  the  Powell  district  and  from 
three  to  ten  days  in  the  Corsicana  district. 
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WATER  CX)NDinONS. 

The  water  conditions  in  the  different  pools,  as  described  under  the 
heading  ^  Occurrence  of  oil  and  gas,"  are  simple  and  offer  few  com- 
plications. In  the  Corsicana  pool  there  is  in  general  one  productive 
sand,  and  that  contains  water  in  troublesome  quantities  only  around 
the  border  of  the  pool,  although  a  small  amount  of  water  is  pumped 
with  the  oil  over  a  large  part  of  the  pool. 

In  the  Corsicana  pool  the  surface  casing,  which  is  usually  6  or  6^ 
inches  in  diameter,  is  set  at  40  to  190  feet  below  the  surface;  the 
deep  casing,  which  is  usually  4  or  4^  inches  in  diameter,  is  set  on 
the  top  of  the  oil  or  gas  sand,  and  the  oil  is  pumped  through  a  2-inch 
tube  which  extends  to  the  bottom  of  the  well.  The  wells  are  drilled 
to  different  depths  in  the  productive  sand,  from  a  few  feet  to  50  feet 
or  more,  but  generally  about  30  feet,  the  depth  depending  on  local 
conditions. 

In  the  Powell  district  water  is  usually  troublesome  only  in  the 
lower  productive  sand,  and  there  only  near  the  edges  of  the  indi- 
vidual pools.  In  the  center  or  near  the  western  limit  of  each  pool 
there  is  usually  little  water,  except  in  the  Burke  pool,  and  many  of 
the  wells  are  drilled  below  the  base  of  the  lowest  sand.  The  surface 
casing,  usually  G^-inch,  is  set  at  50  to  100  feet;  the  deep  casing,  usu-. 
ally  4-inch,  is  set  at  the  top  of  the  highest  productive  sand ;  and  the 
interval  between  the  lower  end  of  the  4-inch  casing  and  the  bottom 
of  the  Well  is  conmionly  cased  with  a  3j^-inch  perforated  liner.  The 
oil  is  pumped  through  a  2-inch  tube. 

METHOD  OP  FUMPING. 

All  the  wells  in  the  Corsicana  field  are  pumped  by  the  multiple 
system,  which  consists  of  a  centrally  located  power  station,  pumping 
frame,  transmission  lines  or  jerker  lines  running  to  the  individual 
wells,  and  a  pumping  jack  at  each  well.  The  power  for  operating 
each  pumping  station  is  furnished  by  a  natural-gas  engine  suppUed 
with  casing-head  gas  from  the  wells  that  are  being  pumped  or  by  a 
steani  engine  burning  crude  oil.  .The  pumping  frame  consists  of  a 
horizontal  shaft  that  drives  a  vertical  shaft  to  which  is  attached  one 
or  more  eccentrics.  The  jerker  lines  are  attached  to  the  outer  edge 
of  the  eccentrics  and  are  pulled  a  distance  corresponding  to  the 
throw  of  the  eccentric  at  each  revolution,  usually  about  2  feet.  The 
horizontal  pull  of  the  jerker  line  is  converted  into  a  vertical  pull  at 
the  well  by  pumping  jacks  to  which  are  attached  the  sucker  rods. 

By  this  method  15  to  25  wells,  suitably  located,  may  be  economi- 
cally pumped  from  one  station.  Usually  one  man  operates  two  sta- 
tions, most  of  which  are  run  only  a  few  hours  each  day.  The  oil  is 
pumped  into  small  tanks,  which  are  connected  by  pipe  lines  with 
loading  racks  or  large  storage  tanks. 
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CLEANING  THE  WELLS. 

The  oil  in  the  Powell  district  is  thick  and  ropy  and  contains  a 
considerable  amount  of  an  oil,  water,  and  clay  emulsion,  which 
gradually  chokes  up  the  wells  and  makes  it  necessary  to  clean  them. 
Furthermore,  a  considerable  amount  of  fine  sand,  carried  up  with  the 
oil,  cuts  the  leather  cups  used  in  pumping.  (Generally  the  cups  re- 
quire changing  about  once  a  inonth,  although  in  some  parts  of  the 
field  they  last  much  longer.  Where  the  derricks  have  been  taken 
down  after  drilling,  as  is  the  usual  practice,  the  sucker  rod  is  pulled 
out  and  the  wells  cleaned  with  the  aid  of  a  metal  or  wooden  gin  pole. 

FtTTtTBE  DEVELOPMENT. 

Extensive  drilling  has  been  done  in  and  around  the  Corsicana  field 
during  the  last  20  years^  and  as  records  of  the  location  and  depth  of 
many  of  these  wells  are  not  available,  it  is  di£Gicult  to  recommend  new 
territory  for  testing. 

It  is  believed  that  no  adequate  tests  have  been  made  of  the  Corsi- 
cana sand  in  the  Powell  district,  where  the  structure  is  most  favorable 
for  the  accumulation  of  oil  and  gas,  as  in  the  Burke  pool.  The  pres- 
ence of  a  show  of  oil  and  gas  in  what  is  believed  to  be  the  Corsicana 
sand  in  the  G.  W.  Speed  well,  where  the  structure  is  considered  un- 
favorable, makes  it  seem  somewhat  likely  that  this  sand  may  contain 
oil  or  gas.  It  is  considered  worthy  of  a  test  in  the  south-central  part 
of  the  J.  O.  Burke  224-acre  tract  south  of  Powell.  So  far  as  avail- 
able records  show,  the  Corsicana  sand  has  not  been  reached  in  either 
the  Edens  or  the  Chatfield  gas  pool,  and  it  is  possible  that  a  sand 
equivalent  to  it,  or  a  deeper  one,  may  underlie  these  pools  and  may 
be  found  to  be  productive.  Deeper  drilling  in  the  parts  of  botli  these 
pools  where  the  structure  is  most  favorable  is  justified. 

The  presence  of  water  that  is  only  slightly  saline  in  the  Woodbine 
sand  at  Corsicana  suggests  but  does  not  prove  the  absence  of  oil  or 
gas  in  that  formation  in  this  field.  As  the  Woodbine  is  an  important 
oil  and  gas  bearing  formation  in  northwestern  Louisiana,  it  is  con- 
sidered worthy  of  a  test  in  the  area  of  favorable  structure  ifi  the 
Burke  pool,  in  spite  of  the  poor  showing  made  in  the  refinery  well 
and  deep-water  wells  in  Corsicana. 

In  general,  wildcat  testing  is  most  likely  to  be  attended  with  suc- 
cess along  the  trend  of  the  formations  to  the  north  and  south,  as 
shown  on  the  sketch  map  (PI.  XVIII).  The  Mexia-Groesbeck, 
Thrall,  and  San  Antonio  fields  follow  the  general  trend  of  the  forma- 
tions to  the  south  of  the  Corsicana  field.  The  absence  of  good  expo- 
sures of  the  formations  along  this  belt  'makes  it  difficult  if  not  im- 
possible to  locate  favorable  areas  for  drilling  over  much  of  this 
region. 


THE  PALESTINE  SALT  DOME,  ANDERSON  COUNTY, 

TEXAS. 


Bj  OuvER  B.  Hopkins, 


INTRODUCTION. 

The  Palestine  salt  dome  has  been  known  for  many  years,  having 
been  described  briefly  by  Penrose*  in  1890  and  by  Dumble*  in  1891. 
The  dome  was  recognized  through  the  occurrence  of  salt,  which  was 
obtained  here  in  small  quantities  prior  to  1890.  The  production  of 
salt  lapsed  for  many  years,  but  recently  the  industry  has  been  re- 
vived- and  a  modern  plant  producing  a  large  quantity  of  salt  of  vari- 
ous grades  has  been  established.  There  are  no  conspicuous  indica- 
tions of  oil  or  gas  here,  and  so  far  no  deep  test  wells  for  oil  have  been 
put  down.  The  discovery  of  tarry  oil  in  a  deep  well  on  the  Keechi 
dome,  6  miles  north  of  the  Palestine  dome,  has  stimulated  interest  in 
the  oil  possibilities  of  the  domes  of  this  area  and  has  led  to  the  leas- 
ing of  the  lands  on  and  around  them. 

The  writer  spent  one  week  in  October,  1916,  in  studying  the 
geology  of  this  dome  and  th^  surrounding  area.  He  wishes  to  offer 
grateful  acknowledgment  to  Judge  O.  C.  Funderburk,  of  Palestine, 
for  assistance  in  the  field,  and  to  Mr.  A.  L.  Bowers,  president  of  the 
Palestine  Salt  &  Coal  Co.,  for  information  relating  to  the  drilling 
of  salt  wells.  L.  W.  Stephenson,  of  the  Geological  Survey,  studied 
the  Cretaceous  fossils  from  the  area,  and  to  him  the  writer  is  indebted 
for  much  of  the  information  concerning  the  age  of  the  formations 
present. 

IX)CATION. 

The  Palestine  salt  dome  is  in  Anderson  County ,*  eastern  Texas,  6 
miles  south  of  west  of  Palestine.  It  lies  immediately  north  of  Town 
Creek  about  6  miles  from  its  confluence  with  Trinity  River.  This 
dome  is  roughly  in  line  with  the  Keechi,  Brooks,  and  Steen  domes,  to 
the  northeast,  and  the  Butler  dome,  to  the  southwest.  (See  index 
map,  PI.  XXII.)  It  is  about  6  miles  from  the  Keechi  dome  and  the 
same  distance  from  the  Butler  dome.    None  of  the  domes  along  this 

»  Penrose,  R.  A.  P.,  Jr.,  A  preliminary  report  on  the  geology  of  the  Gulf  Tertlarles  of 
Texas  [etc.]  :  Tezas  Geol.  Survey  First  Ann.  Rept..  pp.  33-34,  1890. 

•  Dnmble,  B.  T.,  Anderson  County :  Texas  Geol.  Survey  Second  Ann.  Rept,  pp.  804-806, 
310-317,  1891. 
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line  are  at  present  productive  of  oil ;  the  productive  domes,  such  as 
the  Humble,  Dayton,  and  Saratoga,  are  limited  to  a  relatively  narrow 
belt  along  the  coast.  The  nearest  productive  oil  and  gas  fields  are 
the  Corsicana,  which  is  48  miles  northwest,  and  the  Mexia-Groes- 
beck,  which  is  about  the  same  distance  west  pf  this  dome. 

TOPOGRAPHY. 

The  Palestine  dome  is  near  the  northwestern  margin  of  a  cuesta 
which  was  described  by  Deussen  *  as  the  "  Nacogdoches  wold "  and 
which  consists  of  a  dissected,  gently  sloping  dip  plain,  terminated 
landward  by  a  line  of  hills  with  steep  slopes.  The  superior  elevation 
of  this  plain  is  due  to  the  hardness  of  the  surface  rock,  which  is  in 
part  iron  ore.  The  western  part  of  this  plain,  in  which  the  Palestine 
dome  is  situated,  is  much  dissc  cted  and  is  rolling  to  hilly.  It  ranges 
in  altitude  above  sea  level  from  about  230  feet  along  Trinity  River 
to  650  feet  on  the  tops  of  the  highest  hills.  The  altitude  in  the  im- 
mediate vicinity  of  the  dome  ranges  from  280  to  350  feet. 

The  dominant  topographic  features  of  the  area  of  the  dome  con- 
sist of  a  centrally  located  lake,  Dugeys  Lake,  a  sunken  area,  sur- 
rounded by  a  ring  of  hills,  which  in  turn  are  bordered  on  the  north, 
west,  south,  and  southeast  by  the  valleys  of  Wolfe  and  Town  creeks. 
The  hills  forming  the  rim  of  the  depression  have  an  altitude  of 
830  to  350  feet  above  sea  level,  or  60  to  70  feet  above  the  centrally 
located  lake.  The  hills  rise  steeply  on  the  west  side  and  gently  on 
the  east  and  northeast  sides  of  the  lake,  which  occupies  a  natural 
basin  but  which  is  formed  by  the  damming  of  its  outlet  Of  this 
basin  Dumble  *  wrote  in  1891 :  • 

During  the  winter  months  it  contains  some  water,  but  in  summer  it  is  dry, 
and  there  are  small  patches  scattered  here  and  there  on  which  an  incrustation 
of  salt  appears.  The  soil  of  the  saline  has  the  same  appearance  as  that  of  the 
**  black  waxy  "  or  Ponderosa  clays  soil.  The  timber  appears  to  be  encroaching 
on  it  gradually.  The  drainage  from  the  surrounding  hills  builds  delta-like 
formations  farther  and  farther  outward,  and  the  trees  push  out  on  the  edges 
of  these. 

The  280- foot  contour  on  the  accompanying  sketch  map  indicates 
the  areas  normally  covered  by  water,  which  has  a  maximum  depth 
of  about  4  feet.  The  lake  is  half  a  mile  long  and  three-eighths  of  a 
mile  broad  and  has  an  irregular  shape.  The  salinity  of  the  water  in 
the  lake  is  increasing,  owing  to  the  inflow  of  salt  water  from  salt 
wells  and  the  salt  works.  The  broad  flat  that  borders  the  lake  on  the 
south  and  east  is  barren  of  vegetation,  owing  to  the  precipitation  of 
salt,  which  forms  a  white  incrustation  on  the  surface  in  dry  seasons. 

The  unusual  features  of  the  topography  are  the  central  depression, 
the  circular  ring  of  hills,  the  courses  of  Town  and  Wolfe  creeks, 

t  Densflen,  Al«zaoder,  Geology  and  underground  waters  of  the  eoiitheaatem  part  of  the 
Texas  Coastal  Plain :  U.  8.  Oeol.  Survey  Water-Supply  Paper  886,  pp.  15-18,  1914. 
t  Dumble.  B.  T.,  Andenon  County :  Texas  Geol.  Surrey  Second  Ann.  Rept,  p.  300,  1891. 
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which  border  the  area  on  three  sides,  and  the  details  of  the  drainage 
in  the  rim  of  hills.  South  of  Dugeys  Lake  there  is  a  gap  in  the  hills, 
30  or  40  feet  below  the  hilltops,  which  has  the  appearance  of  a  ^^  wind 
gap  "  or  a  former  stream  channel.  For  a  distance  of  <Hie-third  of  a 
mile  this  channel  is  almost  flat,  and  at  some  places  water  stands  in  it; 
within  a  quarter  of  a  mile  of  the  lake  it  dips  steeply  into  the  lake 
basin.  It  is  evident  that  this  is  not  a  normally  developed  stream 
bed,  as  the  gradient  instead  of  being  greatest  near  its  head  is  greatest 
near  its  mouth,  a  feature  which  is  due  to  the  sinking  of  the  lake  area 
in  relatively  recent  time.  This  channel  is  pushed  back  abnormally 
far  toward  Town  Creek,  and  its  valley  is  too  large  in  proportion  to 
the  amoimt  of  water  it  carries.  It  is  likely  either  that  one  branch 
of  Town  Creek  originally  flowed  through  this  gap  and  into  that 
creek  by  way  of  Dugeys  Lake  or  that  this  channel  has  been  partly 
formed  through  the  process  that  gave  rise  to  the  lake.  Before  the 
sinking  of  the  area  of  Dugeys  Lake  by  reason  of  the  solution  and 
removal  of  the  underlying  salt,  a  small  stream  with  its  head  near 
the  center  of  the  lake  may  have  flowed  southeastward  into  Town 
Creek,  but  the  subsidence  of  the  lake  area  diverted  most  of  the  water 
to  the  west  and  caused  the  lowering  of  the  upper  part  of  the  water- 
course sufficiently  to  make  the  water  flow  in  the  opposite  direction. 
If  this  is  the  correct  interpretation  the  diversion  of  the  stream  must 
have  taken  place  when  the  bed  of  Town  Creek  was  only  slightly 
below  the  level  of  this  abandoned  channel. 

A  similar  anomalous  stream  channel  is  found  near  the  southeast 
end  of  the  lake.  Here  the  conditions  are  more  nearly  normal,  but 
the  broad,  flat  ^  wind  gap  "  is  conspicuous  and  points  to  recent  stream 
adjustments. 

The  valley  of  Wolfe  Creek  is  more  mature  than  that  of  Town 
Creek,  and  as  the  creeks  are  of  about  equal  size,  it  is  suggested  that 
Wolfe  Creek  has  maintained  its  present  course  longer  than  Town 
Creek. 

The  Palestine  road  crosses  a  small  branch  of  Wolfe  Creek  IJ  miles 
north  of  east  of  the  salt  works  at  Little  Saline,  an  open  valley  over 
which  are  scattered  a  few  salt  licks,  or  areas  where  the  soil  is  salty 
and  barren  of  vegetation.  No  drilling  has  been  done  there,  but  it 
seems  likely  that  salt  water  finds  its  way  to  the  surface  along  faults 
from  the  central  salt  core.  It  is  possible,  however,  that  rock  salt  may 
underlie  this  area  at  a  relatively  shallow  depth. 

Half  a  mile  down  Wolfe  Creek  from  this  locality  there  are  a  num- 
ber of  small  circular  areas  where  the  ground  is  unstable  and  where 
the  surface  heaves  up  and  down  when  walked  upon.  These  areas  are 
generally  covered  with  a  thick  sod,  which  is  underlain  by  soft  blue 
mud,  into  which  a  stick  can  be  pushed  with  ease  4  to  6  feet  or  more. 
These  so-called  quagmires,  which  are  common  on  salt  domes,  are 
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probably  near  faults  or  other  openings  along  which  water  finds  its 
way  to  the  surface.  The  water  about  these  quagmires  is  not  briny 
and  there  is  no  evidence  of  gas  or  oil  in  their  vicinity. 

Other  interesting  features  of  the  dome  are  the  glades  which  sur- 
round it  on  all  sides.  These  are  low  areas  along  stream  Valleys  where 
no  bushes  or  trees  ^row,  and  the  principal  vegetation  is  a  peculiar 
swamp  grass.  The  absence  of  a  normal  growth  of  vegetation  on  these 
areas  suggests  that  the  soil  may  be  slightly  saline,  owing  to  the  escape 
of  salt-bearing  water. 

GEOLOGY. 


.     SURFACE  GEOLOGY. 
OEHZBAL  FXATVRS8. 

Under  normal  structural  conditions  this  area  would  lie  near  the 
contact  of  the  Eocene  Wilcox  and  Mount  Selman  formations  and 
would  be  underlain  by  the  Wilcox  formation.  Extensive  local  uplift, 
however,  has  brought  to  the  surface  and  exposed  over  small  areas 
Cretaceous  formations  that  would  normally  be  buried  by  several 
thousand  feet  of  strata.  The  exposure  of  Cretaceous  rock  here  thus 
represents  an  inlier  which  is  42  miles  from  its  nearest  outcrop.  The 
normal  succession  of  rocks  for  this  area  is  shown  in  the  accompany- 
ing table.  Of  the  formations  listed  the  Eagle  Ford,  Austin,  Navarro, 
Wilcox,  and  Mount  Selman  and  probably  the  Woodbine  sand  are  ex- 
posed at  the  surface.  If  the  Taylor  and  Midway  formations  are  ex- 
posed, they  have  not  been  recognized.  The  area  covered  by  the 
formations  normally  lying  below  the  Wilcox  is  small,  and  only  parts 
of  the  formations  are  exposed. 

The  Cretaceous  rocks,  although  probably  near  the  surface  on  all 
sides  of  the  dome,  are  exposed  best  on  its  northwest  and  west  sides; 
small  exposures  are  found  on  its  southeast  side.  Of  these  forma- 
tions the  Navarro  covers  much  the  larger  area.  The  normal  succes- 
sion of  the  Cretaceous  formations  is  obscured  by  faults  that  cause  a 
duplication  of  outcrops.  The  succession  of  rocks  is  best  shown  on 
a  small  ridge  a  few  hundred  yards  northeast  of  the  salt  work^;  here 
sandstones  of  Woodbine  (?)  age  crop  out  on  the  crest  of  the  ridge 
and  are  paralleled  on  its  west  side  by  narrow,  outcrops  of  the  Eagle 
Ford,  Austin,  possibly  Taylor,  and  Navarro,  beyond  which  is  the 
Wilcox,  which  completely  encircles  the  dome. 
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Partial  tection  of  geologic  formationB  involved  in  the  Palestine  Malt  dome. 


Sysitein. 

Series. 

• 

Formatioii. 

Thick- 

Uthology. 

Booene. 

Mount  Selman 

reet. 
360-600 

Sands,  in  part  highlr  elauconitic  and  fossUiferooa^ 
days,  lignite,  ana  tnln  beds  ollron  ore. 

Tflrtiaiy. 

Wilooz  fonna- 
tkm. 

450-050 

Sand  lenses,  sandstones,  clays,  sandy  clays,  and 
U^tes. 

MJklwayfonn*- 
tion. 

280 

Clays  and  limestones  of  marine  origin. 

Gulf  (Upper 
Cretaoeoas). 

Nayano  forma- 
tlo. 

600-000 

Marls,  bluish  black,  and  glaaconitic  clays:  blue 
da^  with  siderite  and  limonite  concretions; 
yellow  and  brown  sands  with  hard  sandy  %on- 
cretions. 

Taylor  marl. 

800-1,000 

Clay  marls,  blue,  calcareous. 

OrotacMoa. 

Aastln  chalk. 

400-600 

Chalk,  interstrfttifled  with  thin  beds  of  soft  marl. 

Eaele  Ford 
Bbale. 

350-400 

flliAlA  Rnd    thin   ArrniAMMiA  ht^n   nt  lamtnAtAi) 

limestone. 

Woodbine  sand. 

350-500 

Sand,  arenaceous  day,  and  clay. 

WOODBINE  SAKS. 

A  narrow  belt  of  gray  to  yellow  friable  sandstone  and  hard  fer- 
ruginous sandstone  containing  scattered  shells  of  probable  Woodbine 
age  crops  out  on  a  narrow  ridge  that  projects  into  the  lake  a  few 
hundred  yards  east  of  the  salt  works.  This  sandstone,  which  strikes 
N.  30°  E.  and  dips  46°  NW.,  parallels  a  narrow  belt  of  limestone 
of  Eagle  Ford  age  on  the  west  and  a  more  conspicuous  belt  of  Austin 
chalk  still  farther  west  but  on  the,  same  ridge. 

Samples  of  this  sandstone  with  poorly  preserved  fossils  were  sub- 
mitted  for  examination  to  L.  W.  Stephenson,  who  expressed  the 
opinion  that  they  are  certainly  of  Cretaceous  age  and  probably  be- 
long to  the  Woodbine  sand.  A  definite  determination  was  not  pos- 
sible, because  the  fossils  could  not  be  identified. 

BAQLE  rOBD  BSALE. 

The  only  recognized  exposures  of  the  Eagle  Ford  shale  occur  on 
the  ridge  a  few  hundred  yards  east  of  the  salt  works,  between  nar- 
row belts  of  Woodbine  (?)  sand  and  Austin  chalk.  They  consist  of 
a  hard,  somewhat  flaggy  fossiliferous  limestone  that  appears  to  un- 
derlie the  Austin  chalk.  Mr.  Stephenson  has  identified  Ostrea  lugu- 
bris  Conrad,  Plicatula  (?),  and  Corhula  sp.  in  this  limestone  and 
considers  it  of  Eagle  Ford  age.    Only  a  few  isolated  exposures  of  this 
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limestone  are  present,  and  these  occur  along  the  east  side  of  the  belt 
of  Austin  chalk,  which  dips  steeply  to  the  northwest 

AVBTm  OKAUL 

The  Austin  chalk  is  exposed  in  the  railroad  cut  just  south  of  the 
salt  works,  on  the  hill  one-third  of  a  mile  east  of  north  of  it,  on 
the  Palestine  road,  on  the  ridge  immediately  east  of  the  road,  and 
on  the  east  slope  of  this  ridge  one-third  of  a  mile  northeast  of  the 
salt  works.  There  are  three  parallel  belts  of  chalk  here,  the  dupli- 
cation being  caused  by  northeasterly  faults.  The  chalk  is  massive, 
white  to  cream-colored  and  in  part  bluish  gray,  and  argillaoeou& 
It  strikes  in  general  northeast  and  dips  40°-50°  NW.  Mr.  Stephen- 
son has  identified  this  chalk  as  Austin  and  has  recognized  in  it  two 
or  more  species  of  Inoceramua. 

Fragments  of  chalk  are  present  on  the  surface  on  the  southeast 
side  of  the  lake,  but  no  ledges  of  it  were  found  in  place.  The  best 
exposures  are  in  the  railroad  cut  at  the  salt  works,  where  about  25 
feet  of  pure  white  to  cream-colored  and  bluish-gray  argillaceous 
chalk  is  exposed.  It  strikes  N.  15°  E.,  dips  48°  JfW.,  and  is  over- 
lain by  either  Taylor  or  Navarro  clay. 

TATLOB  MABL. 

The  Taylor  marl  has  not  been  recognized  in  outcrops  in  this  area, 
although  it  is  quite  possible  that  part  of  the  dark  plastic  clay  here 
belongs  to  this  formation.    No  fossils  of  Taylor  age  have  been  found. 

HAVABBO  rOBXATIOH. 

The  Navarro  formation  is  exposed  over  a  semicircular  area  with 
a  radius  of  about  one-third  of  a  mile  extending  from  the  salt 
works  north  and  northeast  almost  to  Wolfe  Creek  and  in  a  smaller 
area  three-fourths  of  a  mile  southeast  of  the  salt  works  and  about 
one-third  of  a  mile  southeast  of  the  easb  end  of  Dugeys  Lake.  Fos- 
sils collected  from  a  small  draw  at  the  Dugeys  Lake  locality  were 
identified  by  Mr.  Stephenson  as  Ostrea  plumosa  Morton,  Exogyra 
canceUata  Stephenson,  and  Pecten  quinquecostatus  Sowerby.  He 
states  that  these  fossils  represent  the  Exogyra  cancellata  subzone  of 
the  Exogyra  costata  zone,  or,  in  other  words,  the  lower  part  of  the 
Navarro  formation  of  Texas. 

The  Navarro  consists  of  soft  bluish-gray  clay  shale  and  thin  ledges 
of  hard  limestone.  The  shale  weathers  to  dark-gray  or  black  plastic 
clay,  which  is  conspicuous  along  the  road  from  the  salt  works  to 

Palestine. 
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MZDWAT  YOBKATZOH, 

The  Midway  formation  has  not  been  recognized  in  this  area  and 
is  belieyed  to  be  absent  here  as  well  as  in  the  Keechi  dome,  6  miles 
east  of  north.  The  absence  of  this  formation  at  the  surface  may  be 
due  to  faulting  or  to  local  unconformity  between  the  Navarro  and 
Wilcox.  The  absence  of  beds  of  Midway  age  at  both  the  Palestine 
and  Keechi  domes,  the  great  differences  in  the  faimas  of  the  Cre- 
taceous and  overlying  Tertiary,  and  the  great  extent  of  the  uncon- 
formity separating  them,  which  doubtless  records  not  only  erosion 
but  great  diastrophic  movement,  make  it  seem  highly  probable  that 
these  domes  began  to  be  uplifted  at  the  end  of  the  Cretaceous  period 
and  that  they  were  islands  in  the  Midway  sea  on  which  no  sediments 
were  deposited. 

WZLOOX  YOBKATIOH. 

The  Wilcox  formation  entirely  surrounds  the  Palestine  dome  and 
dips  steeply  in  all  directions  away  from  its  center.  Near  the  inner 
margin  of  its  outcrop  the  dips  are  steepest,  ranging  from  38**  to  67^ ; 
they  diminish  away  from  the  center  of  the  dome,  at  a  distance  of  a 
mile  ranging  from  20^  to  30^,  and  within  2  or  2^  miles  become 
almost  horizontal.  To  the  northeast  and  southeast  the  Wilcox  for- 
mation disappears  beneath  the  Mount  Selman  formation. 

The  Wilcox  formation  consists  of  lenticular  beds  of  lignitic  sand 
and  clay  and  thin  beds  of  sandstone  and  lignite ;  these  materials  are 
very  irregularly  bedded,  and  the  individual  beds  vary  widely  from 
place  to  place.  On  Waterworks  Branch  of  Town  Creek,  IJ  miles 
south  of  east  of  the  salt  works,  the  following  section  is  exposed : 

Partial  Medion  of  Wileow  formation  on  WatenoorkM  Branch. 

[Strike  N..60*  B.,  dip  24*  SB.] 

Peet 
Sand,  white  to  brown,  hard,  with  leaf  Impressions 10 

Lignite,  in  fairly  uniform  bed * 5) 

Sand,  light  gray  to  brown,  carbonaceous,  with  leaf  impressions.    6 
Clay,  brown,  carbonaceous,  to  bed  of  branch 2 

23i 
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Partial  section  of  Wilcox  formation  in  bluff  of  Trinity  River  at  mouth  of  Toum 

Creek,  12  miles  »outhu>€8t  of  Palestine, 

Top  of  bluff.  Ft.        in. 

Sand  and  gravel  cemented  by  limonite 2S 

Sand  and  sandy  clay,  gray,  with  thin  beds  of  limonite—  2         0 

Sand,  hard,  green  to  brown 2         6 

Iron  ore,  laminated 2 

Clay,  carbonaceous 6 

Oreensand T 4 

Clay,  brown 1 2 

Sandstone,  soft,  brown 10-12 

Clay  and  sand,  brown,  laminated,  carbonaceous,   con- 
taining scattered  concretions,  more  regularly  bedded 

below  than  above 11 

Iron  ore,  concretionary ;  Iron  carbonate  on  inside  weath- 
ered to  limonite  on  outside 1-4 

Sand,  brown,  carbonaceous,  highly  cross-bedded,  with 

vertical  layers  of  ferruginous  sandstone  filing  Joints..  8         0 
Iron  ore,  concretionary,  giving  place  along  bedding  to 

earthy  lignite 6 

San'd,  carbonaceous,  very  irregularly  bedded,  containing 

irregular  masses  of  brown  clay 8         4 

Clay,  carbonaceous,  sandy 10 

Sandstone,  soft,  yellow ^ •  5 

Clay,  carbonaceous,  sandy 10 

Sand,  yellow,  with  irregular  concretionary  layer  at  top.  1          0 

Clay,  carbonaceous,  hackly 1         0 

Water  level  in  Trinity  River,  

30  7 

Numerous  casts  of  elongated  pelecypods  are  present  in  the  sands 
and  sandy  clays  near  the  top  of  this  section. 

The  highly  irregular  character  of  the  Wilcox  beds  in  tills  area  and 
the  rather  abrupt  change  in  dip  on  the  flanks  of  the  dome  led  Deus- 
sen  to  believe  that  there  was  a  slight  upward  movement  of  the  dome 
in  late  Wilcox  time,  causing  a  local  structural  unconformity  within 
that  formation.  This  inference  seems  probable,  but  no  definite  proof 
of  such  an  unconformity  was  found. 

xoTnrr  selkajt  roBicATiov. 

The  Mount  Selman  formation,  the  oldest  formation  of  the  Clai- 
borne group  in  this  area,  skirts  the  north,  east,  and  southeast  sides 
of  the  dome  at  so  great  a  distance  from  the  center  (3  to  5  miles)  that 
it  is  only  slightly  disturbed  by  the  uplift.  The  normal  southwesterly 
trend  of  the  formation  is,  however,  deflected  somewhat  to  the  east. 
The  dip  of  this  formation  is  low  and  is  measurable  at  few  if  any 
places  near  the  dome. 

The  Mount  Selman  consists  of  massive  sands,  highly  glauconitic 
sands,  clays,  and  marls,  with  abundant  shells.  It  is  dominantly  fer- 
ruginous and  sandy.  On  weathering  most  of  the  beds  turn  red  at 
first  and  become  gray  only  after  thorough  leaching  of  the  iron  con- 
tent.   Beds  of  limonite  are  found  at  some  places. 
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UNDERGROUND  GEOLOGY. 

The  deepest  wells  on  the  dome  do  not  exceed  500  feet  in  depth,  and 
few  go  down  more  than  250  or  300  feet.  The  drilling  has  been  done 
entirely  in  search  of  salt,  and  where  that  has  not  been  found  within 
a  few  hundred  feet  of  the  surface  the  locations  were  abandoned  in 
favor  of  others.  Most  of  the  wells  reach  rock  salt  at  a  depth  of 
about  140  feet,  or  about  160  to  170  feet  above  sea  level,  the  small 
differences  in  the  depth  being  due  to  the  surface  topography;  the 
apper  surface  of  the  salt  is  thus  fairly  level  in  the  area  near  the  lake. 
In  the  second  farthest  well  to  the  northeast  from  the  lake,  however, 
the  top  of  the  salt  was  found  at  77  feet  above  sea  level,  thus  showing 
that  the  salt  mass  has  a  pronounced  dip  to  the  north  from  the  nearest 
well  to  the  southwest.  A  well  drilled  near  the  western  margin  of 
the  lake  on  the  west  side  of  the  railroad  penetrated  a  jumbled  mass 
of  rock  and  shale  to  a  depth  of  500  feet  without  reaching  salt; 
another  well  near  the  northwest  margin  of  the  lake  penetrated  360 
feet  of  rock  without  reaching  salt.  It  thus  seems  that  the  salt  mass 
dips  strongly  to  the  west  and  reaches  a  considerable  depth  near  the 
western  margin  of  the  lake.  No  wells  have  been  drilled  on  the 
east  or  southeast  side  of  the  lake,  but  it  is  inferred  from  the 
topography  that  this  area  is  underlain  by  salt  at  no  great  depth. 
The  area  supposed  to  be  underlain  by  salt  at  a  depth  of  a  few  hun- 
dred feet  is  indicated  on  the  accompanying  map  (PL  XXIII). 

The  shallow  salt  wells  penetrate  about  85  feet  of  gray  to  yellow 
water  sand  and  40  feet  of  dark-gray  to  black  sandy  clay,  below  which 
is  in  places  a  cap  rock  of  hard  limestone  of  varying  thickness.  The 
casing  is  set  on  this  rock  and  the  well  deepened  through  sand  until 
rock  salt  is  reached  at  about  140  feet.  The  main  factor  controlling 
the  location  of  salt  wells  is  the  presence  of  a  good  cap  rock  which 
serves  as  a  seat  for  the  casing  and  also  holds  up  the  overlying  strata 
until  a  large  cUvity  is  dissolved  out  underneath  it.  When  the  sup- 
porting salt  is  sufficiently  removed  this  rock,  being  undermined,  caves 
in,  with  the  overlying  formations,  forming  a  large  sink  hole, 

STBXrCTUBE. 

Penrose*  recognized  the  presence  of  an  uplift  here  in  1889,  saying: 

In  many  places  on  the  top  and  slopes  [of  the  hills]  are  seen  outcrops  of  white 
chalky  fossil  if erous  limestone  with  dark  specks  (gla  aconite).  The  fossils  have 
been  Identified  by  R.  T.  Hill  as  belonging  to  the  "  glauconitlc  "  beds  of  the  Upper 
Cretaceous  epoch  and  possibly  represent  the  Ripley  group  of  Alabama.  This 
locality  is  over  50  miles  east  of  the  main  Cretaceous  area  of  central  Texas  and 
doubtless  represents  the  remains  of  an  island  in  the  old  Tertiary  sea. 

^Penrose,  B.  A.  F.,  Jr.,  A  preliminary  report  on  the  geology  of  the  Gulf  Tertiarles  of 
Xezftf  («te.]  :  TezM  Geol.  Survey  First  Ann.  Kept,  pp,  83-^  1890. 
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The  existence  of  a  dome  here  is  proved  by  the  presence  of  a  Cre- 
taceous inlier  in  an  area  of  Tertiary  rocks  where  the  Cretaceous 
would  normally  be  several  thousand  feet  below  the  surface,  by  the 
presence  of  rock  salt  near  the  surface,  and  by  the  characteristic 
topography  of  a. salt  dome. 

The  occurrence  of  Cretaceous  rocks  at  the  surface,  at  a  distance 
of  42  miles  from  their  nearest  normal  outcrop,  proves  the  presence 
of  an  uplift  of  great  intensity.  The  best  available  information 
regarding  the  thickness  of  the  formations  involved  in  this  uplift  is 
given  in  Plate  XXIIL  As  this  dome  is  near  the  line  of  contact  of 
the  Wilcox  and  Mount  Selman  formations,  the  amount  of  uplift  is 
equivalent  to  the  thickness  of  the  strata  between  the  top  of  the  Wilcox 
and  the  lowest  formation  exposed.  The  thickness  of  the  strata 
between  the.  top  of  the  Wilcox  and  the  top  of  the  Eagle  Ford,  which 
has  been  definitely  recognized,  is  2,500  to  3,300  feet.  If  the  Wood- 
bine sand  is  present  at  the  surface,  as  it  probably  is,  the  uplift  is  350 
to  400  feet  greater.  A  moderate  estimate  of  the  maximum  vertical 
movement  of  the  Cretaceous  formations  is  about  3,000  feet. 

This  local  uplift  is  highly  complicated  by  faults,  many  of  which 
are  indicated  at  the  surface,  although  their  exact  location  and  extent 
have  not  been  determined.  How  much  of  the  vertical  displacement 
found  here  is  due  to  folding  and  how  much  to  faulting  is  not  known, 
but  it  is  highly  probable  that  faulting  played  as  important  a  part 
as  folding.  The  dip  of  the  Cretaceous  rocks  is  observable  only  on  the 
north  and  west  sides  of  the  dome,  where  it  is  to  the  northwest,  away 
from  the  center  of  the  uplift. 

The  depressed  area  of  the  dome,  which  is  considered  to  represent 
with  fair  accuracy  the  center  of  the  uplift,  is  completely  encircled 
by  the  Wilcox  formation,  which  dips  away  from  it  in  all  direc- 
tions, thus  showing  the  quaquaversal  nature  of  the  dome.  The 
Wilcox  dips  at  angles  of  30°  to  57°  at  its  outcrops  nearest  the  dome, 
but  the  decrease  in  the  rate  of  dip  away  from  the  center  of  the  uplift 
is  pronounced.  The  dip  of  the  Cretaceous  formations  below  the 
Wilcox  outcrops  is  probably  greater  than  that  observed  in  the 
Wilcox,  a  feature  which  is  characteristic  of  salt  domes. 

Viewed  as  a  whole  the  Palestine  dome  is  a  quaquaversal  fold  cm 
whose  flanks  are  highly  inclined  beds  that  dip  in  all  directions  away 
from  its  center  but  become  approximately  horizontal  within  a  few 
miles;  the  center  of  the  uplift  is  extensively  faulted,  mainly  in  a 
northeasterly  direction,  producing  an  irregular  distribution  of  the 
Cretaceous  beds  and  a  triplication  of  the  outcrop  of  the  Austin  chalk. 
The  structure  in  the  Cretaceous  formations  is  doubtless  more  compli- 
cated than  in  the  Wilcox,  as  the  dome,  with  the  attendant  folding 
and  faulting,  probably  began  to  develop  prior  to  the  deposition  of 
the  Wilcox. 
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DEVEIX)PMENT  OF  THE  DOME. 

AGE  or  rOBHATION. 

• 

The  great  diastrophic  movements  that  are  known  to  have  taken 
place  in  this  region  at  the  end  of  the  deposition  of  the  highest  Cre- 
taceous formation,  the  Navarro,  and  the  absence  of  the  earliest 
Tertiary  formation,  the  Midway,  in  both  the  Palestine  and  Keechi 
domes  suggest  that  the  initial  uplift  of  these  domes  occurred  during 
the  hiatus  between  the  Navarro  and  the  Midway  and  that  the  dome 
was  an  island  in  the  Midway  sea,  around  which  sediments  accumu- 
lated. It  is  likely  that  this  island  was  degraded  during  this  period, 
for  in  Wilcox  time  this  area  was  at  about  the  level  of  the  surround- 
ing country,  and  the  deposits  of  that  age  probably  extended  over  it. 
There  may  have  been  a  slight  upward  movement  during  late  Wilcox 
time,  as  Deussen  ^  has  suggested,  causing  the  early  Wilcox  beds  to  be 
tilted  at  a  greater  angle  than  the  later  ones.  However,  the  forces 
that  produced  the  domes,  if  they  became  operative  prior  to  the 
Wilcox  deposition,  must  have  been  comparatively  dormant  during 
most  of  that  time,  and  any  previous  upward  movement  must  have 
been  offset  by  erosion  during  Midway  time.  A  considerable  part 
of  the  uplift  was  in  post- Wilcox  time,  as  beds  of  Wilcox  age  are 
highly  tilted  around  the  flanks  of  the  dome. 

The  Claiborne  formations  (Mount  Selman,  Cook  Mountain,  and 
Yegua)  do  not  crop  out  near  enough  to  the  dome  to  record  how  much 
of  the  uplift  occurred  after  their  disposition;  and  no  chronologic 
record  of  movement  is  left,  although  it  doubtless  took  place,  until 
recent  time,  when  it  was  recorded  by  the  physiographic  development. 
If  the  Palestine  and  Keechi  domes  were  developed  at  the  same 
time  as  the  Brenham  dome,  which  has  involved  younger  beds,  their 
history  may  be  expanded  by  inference  from  the  history  of  that 
dome.  The  uplift  in  the  Brenham  dome  since  Cook  Mountain  time 
has  been  from  600  to  900  feet  (see  p.  276),  and  therefore  it  seems 
likely  that  the  Palestine  and  Keechi  domes  also  have  been  consid- 
erably uplifted  since  that  time.  This  is  likewise  suggested  by  the 
deformation  of  the  Claiborne  beds  in  the  area  near  the  domes. 
The  uplift  in  the  Brenham  dome  was  practically  completed  in 
Lagarto  (Pliocene)  time,  as  beds  of  that  age  are  only  slightly  dis- 
turbed. It  seems  likely  that  the  main  uplift  in  these  domes  was 
completed  during  late  Eocene,  Oligocene,  or  Miocene  time,  and  that 
only  slight  movements  have  taken  place  since  then. 

That  there  has  been  relatively  recent  movement,  although  of 
small  amount,  is  proved  by  the  stream  adjustments  that  have  taken 
place  in  the  area.    The  dome  was  either  degraded  as  fast  as  it  was 

^Deussen,  Alexaadtr,  Informal  oQmmuxUcatlon. 
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uplifted  or  it  was  base-leveled  afterward,  for  in  relatively  recent 
time  the  dome  appears  to  have  had  no  topographic  expression  and 
the  streams  flowed  in  their  normal  courses  over  it;  later  a  slight  up- 
lift occurred  and  the  streams  began  to  sink  their  channels  and  to 
shift  their  courses  in  adjustment  to  this  movement.  The  abandoned 
**wind  gaps"  (see  p.  255)  were  cut  during  this  time.  The  uplift 
caused  active  solution  and  removal  of  salt  from  the  top  of  the  salt 
core,  with  the  formation  of  large  cavities,  which  finally  caused  the 
collapse  of  the  crest  of  the  dome  and  the  gradual  formation  of  the 
basin.  Minor  stream  adjustments  attended  this  change  in  the  crest 
of  the  dome,  with  the  consequent  formation  of  the  present  topo- 
graphic features  shown  on  Plate  XXIII  and  described  on  pages 
254-256. 

CAUSE  or  UPUPT. 

Such  an  intensive  and  highly  localized  vertical  uplift  of 
quaquaversal  form  could  be  produced  only  by  vertical  thrust  from 
below.  The  results  observed  are  analogous  to  those  produced  by 
driving  a  punch  into  a  sheet  of  cold  steel ;  the  effects  are  entirely  local, 
and  the  metal  arches  over  the  end  of  the  punch  until  the  strain  is 
too  great  and  the  steel  shatters. at  the  point  where  the  force  is  ap- 
plied. Such  conditions  are  most  commonly  produced  by  igneous 
intrusion,  of  which  no  direct  evidence  has  been  found  in  any  of  the 
numerous  salt  domes  of  the  Gulf  coast.  It  is  evident  from  the 
nature  and  amount  of  the  secondary  minerals  found  in  these  domes 
(mainly  salt  and  gypsum,  which  are  not  known  in  any  Cretaceous 
formations  of  this  area)  that  the  forces  had  deep-seated  connections, 
and  it  is  quite  probable  that  they  were  connected  with  igneous 
activity.  In  the  early  study  of  salt  domes  it  was  suggested  that 
such  domes  were  caused  by  igneous  intrusions.  Later  the  great  thick- 
ness of  salt  led  to  the  belief  that  the  crystallization  of  salt  may  have 
caused  the  doming.  Recently  the  trend  of  opinion  has  been  toward 
a  combination  of  both  hypotheses. 

The  writer  believes  that  forces  which  initiated  and  aided  in  the 
development  of  salt  domes  also  produced  the  folds  and  faults  in 
the  areas  where  no  salt  domes  are  known,  and  that  there  were  lines 
of  weakness,  as  suggested  by  Harris,  along  which  salt  domes  were 
formed  by  the  action  of  dynamic  forces,  whereas  at  other  places 
normal  anticlinal  folds  and  faults  were  developed.  The  peculiar 
local  nature  of  salt  domes  may  be  due  to  the  effect  of  dynamic  activity 
at  certain  points  along  lines  of  deformation,  aiding  in  the  solution 
and  transportation  of  salt,  gypsum,  etc.,  from  deep-lying  formations, 
probably  PermiaUi  to  the  position  in  which  they  are  found. 


THE  PALESTINE   SALT  DOME,  TEXAS.  265 

P06)SIBIIjITIES  of  Olli  AND  GAS. 

The  highly  folded,  faulted,  and  eroded  condition  of  the  Palestine 
dome  and  the  general  absence  of  oil  and  gas  as  surface  seepages  and 
in  shallow  wells  in  this  area  detract  from  its  oil  prospects.  The 
tilting  and  faulting  of  the  rocks  probably  provided  outlets  for  the 
escape  of  oil,  and  as  no  evidence  of  oil  exists  the  conclusion  is  sug- 
gested that  no  large  amount  remains  here,  even  if  it  ever  accumu- 
lated. It  is  possible,  however,  that  the  soft  and  dominantly  imper- 
vious nature  of  the  formations  involved  in  this  fold  closed  Up  any 
possible  lines  of  escape  for  the  oil,  as  its  absence  at  the  surface  may 
be  interpreted  to  indicate.  The  eroded  condition  of  the  dome,  as 
shown  by  the  presence  of  Cretaceous  rocks  at  the  surface,  and  the 
presence  of  the  salt  core  within  140  feet  of  the  surface  over  a  large 
area  are  also  unfavorable  conditions,  as  they  eliminate  the  possibility 
that  oil  may  be  found  on  the  crest  of  the  dome,  which  might  other- 
wise be  the  most  favorable  area  for  its  occurrence.  Oil  in  commer- 
cial quantities  has  not  yet  been  found  in  a  salt  dome  so  far  removed 
from  the  coast  as  this  one. 

The  most  likely  area  for  the  occurrence  of  oil,  if  it  is  present  in 
this  dome,  is  within  a  belt  about  half  a  mile  wide  that  surrounds  the 
area  in  which  salt  approaches  within  a  few  hundred  feet  of  the  sur- 
face, as  indicated  on  Plate  XXIII.  The  most  favorable  part  of  this 
belt  is  probably  near  its  inner  margin,  where  the  underlying  forma- 
tions may  be  tilted  up  against  the  salt  mass  and  probably  end 
against  it. 

So  far  as  observed,  there  are  no  subsidiary  folds  on  the  flank  of 
the  dome  that  would  serve  to  trap  upward-migrating  oil ;  if  such  a 
trap  exists  it  is  at  a  considerable  distance  from  the  dome  or  is  pro- 
duced by  the  pinching  out  of  a  porous  bed  or  by  a  fault. 

A  sample  of  gas  collected  from  a  natural  escapement  in  Town 
Creek  south  of  this  dome  was  analyzed  with  the  following  result: 

Analysis  of  gas  from  Town  Creek,  H  miles  south  of  the  Palestine  Salt  Works. 
[Made  by  the  Bureau  of  Mines ;  F.  M.  Selbert,  analyst ;  laboratory  No.  8486.] 

Carbon  dioxide  (COa) 0.6 

Oxygen  (O,) .2 

Methane  (CH«) 64.  7 

Nitrogen  (NO 34. 6 


100.0 
Spedflc  gravity,  0.70. 

Heating  value  (British  thermal  units  per  cubic  foot  at  0"  Q.  and 
760  millimeters  pressure),  607. 

The  small  percentage  of  carbon  dioxide  present  in  the  g-as  suggests 
a  deep-seated  origin,  whereas  the  absence  of  ethane  (C2H5),  which 
characterizes  many  but  not  all  deep-seated  gases,  suggests  but  does 

60812"— Bull.  661-18 18 
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not  prove  its  surface  origin.  The  most  significant  features  of  the 
gas  are  its  high  content  of  nitrogen  and  low  content  of  carbon 
dioxide.  Most  surface  gases  which  have  as  high  a  content  of  nitrogen 
as  this  one  have  also  a  much  higher  content  of  carbon  dioxide. 

AREA  SURROUNDINO  THE  PALESTINE  DOME. 

KEECHI  8AI«T  DOME. 
LOCATION. 

The  Keechi  salt  dome  is  6  miles  in  an  air  line  west  of  north  of 
Palestine  and  the  same  distance  east  of  north  of  the  Palestine  dome. 
(See  index  map,  PI.  XXn.)  It  is  near  the  head  of  Keechi  Creek, 
from  which  it  derives  its  name.  The  surrounding  country  is  rolling 
to  hilly,  and  there  is  nothing  in  the  topography  to  indicate  to  the 
casual  observer  the  presence  of  a  salt  dome;  there  are  no  extensive 
salt  flats  or  quagmires,  no  ring  of  hills,  and  no  central  depressioiL 
Some  small  salt  licks  are  reported,  but  they  are  not  conspicuous. 
The  crest  of  the  uplift  probably  lies  near  the  top  of  a  low  rounded 
hill;  Keechi  Creek  crosses  its  northern  flank  and  a  small  intermit- 
tent branch  crosses  its  south-central  part,  affording  the  most  con- 
spicuous exposures  in  the  area.  This  dome  has  been  known  for  many 
years,  but  no  attempt  was  made  to  exploit  it  until  1916,  when  the 
Producers  Oil  Co.  drilled  two  deep  test  wells;  that  company  is  at 
present  drilling  a  third.  During  a  reconnaissance  examination  in 
this  country  in  the  fall  of  1916  Uie  writer  spent  parts  of  two  days 
investigating  this  dome  and  the  surrounding  area. 

GEOIiOOT. 

This  dome,  like  the  Palestine  dome,  is  indicated  on  the  surface  by  a 
Cretaceous  inlier,  of  which  Dumble  *  wrote  in  1890 : 

Here  the  soil  has  its  characteristic  black  waxy  appearance  (of  Pondero^a 
clays)  and  exposed  clays  their  yellow  color.  They  contained  yeUow  calcareous 
nodules  and  many  fine  specimens  of  Exogyra  ponderosa  Roemer,  accompanied 
by  Qryphaea  vesicularis  Lamarck.  The  highest  beds  were  found  to  contain  a 
decided  intermixture  of  limestone  in  small  fragments,  below  whldi  was  an 
arenaceous  bed  containing  fragments  of  a  small  thin-shelled  oyster  of  which 
no  specimens  could  be  secured  sufficiently  perfect  for  identication. 

The  area  of  Cretaceous  clays  is  an  open  prairie,  whereas  that  of 
the  sandy  Wilcox  beds  is  thickly  covered  with  post  oaks,  blackjacks, 
and  pines.  The  exposed  strata  consist  of  the  Navarro  formation  and 
the  Austin  chalk,  which  occupy  the  center  of  the  dome,  surrounded 
by  the  Wilcox  formation ;  the  Taylor  marl  may  crop  out  but  it  was 

not  recognized.    The  Austin  chalk  is  represented  by  surface  frag- 

— ^ — ■ • 

1  pamble,  E.  T.,  Anderson  County :  Texas  Geol.  Survey  Second  Ann.  Kept,  p.  806,  1891. 
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ments  scattered  thickly  over  a  few  acres  near  the  center  of  the  W.  A« 
Cook  property,  one-third  of  a  mile  north  of  Producers  Oil  Co. 
Barrett  &  Greenwood  well  No.  1.  The  Navarro  formation  is  exposed 
over  most  of  the  crest  of  the  dome.  It  consists  of  grayish-yellow 
lumpy  clay  with  small  white  calcareous  concretions  and  weathers  to 
greenish  yellow  and  finally  to  a  sticky  black  soil.  L.  W.  Stephenson 
has  identified  Exogyra  ccmcellata  Stephenson  from  a  deep  gully  100 
yards  north  of  Barrett  &  Greenwood  well  No.  1  and  says  that  it  rep- 
resents the  Exogyra  canceUata  subzone  of  the  Exogyra  costata  zone 
(the  lower  part  of  the  zone),  which  constitutes  the  lower  part  of  the 
Navarro  formation.  He  has  also  identified  the  following  fossils, 
which  were  collected  loose  on  the  surface  near  the  locality  mentioned : 
Nucfula  cf .  N.  eufaulensis  Gabb,  Trigonia  sp.,  PUcatula  n.  sp.,  Crasser 
teUites  sp.,  Ringicula  sp.,  and  Baculites  sp.  These  forms,  he  says, 
probably  came  f ropi  the  middle  or  upper  part  of  the  Navarro  forma- 
tion. The  Wilcox  encircles  the  inlier  of  Cretaceous  and  dips  away 
from  it  at  angles  ranging  from  20°  to  30°.  It  consists  of  sand, 
sandy  clay,  and  beds  of  clay,  lignite,  and  hard  sandstone.  It  di- 
rectly overlies  the  Navarro  formation,  and  the  contact  may  be  deter- 
mined within  narrow  limits  in  the  deep  gulch  below  Barrett  & 
Greenwood  well  No.  1,  which  is  near  the  contact.  The  Mount  Selman 
formation  crops  out  8  to  4  miles  northeast,  east,  and  southeast  of 
this  dome. 

The  crest  of  the  dome  is  on  or  near  the  W.  A.  Cook  and  B.  B. 
Powers  properties  and  is  outlined  by  the  dark  plastic  days  of  the 
Navarro.  On  the  southern  slope  of  the  dome  the  Navarro  dips 
26^-28°  SE.  near  its  contact  with  the  Wilcox,  which  dips  at 
approximately  the  same  angle.  The  vertical  displacement  is  less 
than  in  the  Palestine  dome,  and  faulting  is  less  evident  The  pres- 
ence of  the  Austin  chalk  at  the  surface  indicates  that  the  uplift  has  a 
vertical  displacement  of  2,000  to  2,500  feet  The  dips  of  the  Wilcox 
aroimd  the  dome  show  that  it  is  a  quaquaversal  fold  of  probably 
more  regularity  than  the  Palestine  dome. 

DEVELOPMENT. 

The  Producers  Oil  Co.  Barrett  &  Greenwood  well  No.  1  is  on  the 
southern  slope  of  the  dome,  near  the  contact  of  the  Wilcox  and 
Navarro  formations.  It  is  reported  to  have  reached  the  Austin  chalk 
at  586  feet  and  the  top  of  the  Woodbine  (?)  sand  at  1,686  feet;  it 
penetrated  rock  salt  from  2,200  to  2,900  feet,  water-bearing  sand 
from  2,900  to  2,930  feet,  and  rock  salt  from  2,930  to  3,130  feet,  at 
which  depth  it  was  abandoned.  The  Woodbine  (?)  sand  yielded  1  or 
2  barrels  of  heavy  tarry  oil  at  1,686  feet.  A  second  well  was  drilled 
on  the  same  lease,  1,000  feet  east  of  south  of  the  first.    The  Austin 


268        CONTBIBUTIONS  TO  ECONOMIC  GEOLOGY,  1917,  PABT  !!• 

chalk  is  reported  in  this  well  at  about  1,400  feet,  and  the  Woodbine 
(?)  sand,  which  yielded  salt  water  that  could  not  be  bailed  below  500 
feet,  at  2,297  feet.  The  dip  from  the  first  to  the  second  well,  as 
indicated  by  the  Woodbine  sand,  is  about  35°.  The  possibility  of 
finding  oil  in  this  dome  is  considered  better  than  in  the  Palestine 
dome  because  it  appears  to  be  less  faulted,  the  salt  core  does  not  come 
so  close  to  the  surface,  and  the  Woodbine  (?)  sand  is  within  reach  of 
the  drill  and  also  deeply  enough  buried  to  have  retained  its  oil. 


Two  miles  southeast  of  Elkhart,  along  the  Intematioijal  &  Great 
Northern  Railroad,  the  normal  southeasterly  dip  is  interrupted  by 
reverse  dips  of  a  fraction  of  a  degree  to  1°  NW.  Four  miles  south- 
east of  Elkhart  a  fault  with  a  northeast  trend  and  an  indeterminable 
throw  is  exposed  in  a  railroad  cut.  It  is  not  known  whether  the 
reverse  dips  observed  are  due  to  this  fault  or  whether  the  fault  is 
incidental  to  a  fold  trending  northeast  which  produces  the  reverse 
dips.  The  evidence  gathered  from  a  day's  visit  to  this  area  suggests 
the  presence  of  considerable  deformation  there. 

One  mile  northwest  of  Elkhart,  in  the  bottom  of  a  branch  on  the 
southwest  side  of  the  railroad,  a  fault  that  is  probably  of  considerable 
throw  strikes  N.  38°  E.  and  dips  58°  NW.  This  fault  is  near  the 
south  line  of  the  William  Frost  survey.  The  beds  are  essentially  the 
same  on  the  two  sides  of  the  fault;  on  the  east,  the  upthrown  side, 
they  dip  gently  to  the  northwest,  and  on  the  northwest  side  they  dip 
locally  in  the  same  direction  but  at  a  much  higher  angle,  showing  the 
effect  of  the  downward  drag  on  that  side.  About  100  yards  southeast 
of  the  fault  the  beds  become  practically  horizontal  for  a  few  hundred 
yards,  and  beyond  that  they  dip  gently  to  the  southeast. 

Southwest  of  this  locality,  along  the  supposed  continuation  of  this 
fault,  1^  miles  southwest  of  Elkhart,  a  dip  to  the  northwest  is  ob- 
served in  the  banks  of  a  small  branch  for  a  distance  of  several 
hundred  yards.  Here  a  hard  bed  of  ferruginous  shell  marl  is  over- 
lain successively  by  green  lumpy  clay  with  veins  of  gypsum  and 
brown  carbonaceous  clay,  and  all  dip  progressively  beneath  the  creek 
bed  upstream.  Farther  upstream  there  are  irregularities  in  the  dip 
of  the  beds  and  clear  evidence  of  faulting.  This  disturbance  in  the 
normal  southeastern  dip  of  the  beds  is  probably  connected  with  the 
fault  described  above  and  may  have  caused  the  asphalt  seeps 
west  of  Jarvis  that  are  described  on  the  following  pages.  The  de- 
formation observed  here  may  be  sufficient  to  produce  favorable  struc- 
tural conditions  for  the  accumulation  of  oil  and  gas.  Although  the 
area  was  not  studied  in  sufficient  detail  to  ascertain  the  most  favor- 
able places  to  test  it  with  the  drill,  a  well  near  the  east  side  of  a  line 
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connecting  the  two  localities  described  would  be  more  favorably  situ- 
ated than  the  average  wildcat  wells,  located  with  less  regard  for 
structure. 

JABVIS. 

Near  Fields  Chapel,  half  a  mile  northwest  of  Jarvis  and  about  12 
miles  east  of  Palestine,  asphaltic  sand  crops  out  100  yards  north  of 
the  road,  where  a  shallow  well  was  dug,  and  in  the  road  at  three 
localities  west  of  the  chapel.  The  asphaltic  sand  is  medium  grained 
and  irregularly  bedded.  Its  pore  space  is  filled  with  black  asphaltic 
oil,  which  oozes  out  on  the  surface  in  warm  weather.  The  shallow 
well  showed  the  following  section: 

Log  of  well  on  M.  A.  Davey  farm,  near  Jarvis,  Anderson  County,  Tesf. 

Feet. 

Soil  impregnated  with  asphalt ;  runs  slightly  in  warm  weather.  } 

Clay,  hard,  laminated 11 

Sand,  asphaltic 1 

Clay,  hard,  laminated 3 

Sand,  hard,  asphaltic - 2} 

Clay,  as  above,  but  containing  streaks  of  asphalt  along  bedding 

planes  and  joints 4 

Sandstone,   asphaltic 3 

Clay,  laminated,  streaked  with  oil 5 

Sandstone,  hard  and  dry,  but  shows  asphalt  when  treated  with 

gasoline ;  about  2  tons  used  to  patch  street  in  Palestine 4 

Sand,  coarse,  white,  becoming  damp 3 
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The  brief  inspection  of  this  area  did  not  show  conclusively  whether 
the  asphalt  indicates  the  outcrop  of  an  oil-bearing  sand  or  the  pres- 
ence of  a  fault  that  has  allowed  the  upward  migration  of  the  oil 
from  below.    The  evidence  is  in  favor  of  the  latter. 

Mr.  Davey  drilled  a  well  1  mile  northwest  of  Jarvis  on  the  north 
side  of  the  Palestine  road  to  a  depth  of  1,300  feet.  It  shows  con- 
siderable heavy  black  oil  and  is  said  to  have  flowed  a  stream  of 
water  when  it  was  drilled.  There  is  a  seep  of  oil  in  the  branch  near 
by,  and  on  the  opposite  side,  to  the  west,  Mr.  Nemer,  of  Palestine, 
drilled  a  well  to  a  depth  of  700  feet  without  any  significant  results. 

WELLS  GBEEK  DISTBIGT. 

Twelve  wells  have  been  drilled  by  local  companies  in  search  of  oil 
near  Wells  Creek,  4  miles  south  of  Neches  and  about  12  miles  north- 
east of  Palestine.  Most  of  these  wells  were  drilled  in  the  valley  of 
Wells  Creek  near  the  crossing  of  the  Alderbranch-Neches  road. 
The  deepest  well  was  drilled  by  Mr.  Granberry  about  six  years  ago 
on  the  north  side  of  the  creek  to  a  depth  of  2,500  feet;  most  of  the 
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other  wells  reached  depths  of  800  to  1,500  feet  Oil  of  17**  to  18® 
Baumfi  was  found  at  about  864  and  1,010  feet,  according  to  M.  A. 
Davey,  in  the  wells  near  the  road  crossing;  a  flow  of  sulphur  water 
was  found  there  at  about  700  feet,  and  below  the  oil  fresh  water  was 
found.  The  best  showing  of  oil  was  found  in  the  wells  west  of  the 
Alderbranch-Neches  road  and  on  the  south  side  of  Wells  Creek. 
Some  of  the  wells  only  a  short  distance  up  the  creek  are  said  to  have 
shown  no  oil.  The  rock  exposures  in  this  area  are  very  poor,  and  it- 
is  considered  difficult,  if  not  impossible,  to  determine  the  local  struc- 
ture from  surface  outcrops. 


The  Posey  saline  is  on  the  west  side  of  Neches  River,  about  1  mile 
north  of  Stills  Creek  and  15  miles  east  of  Palestine.  It  is  marked 
by  a  flat,  open  prairie  covering  an  area  along  the  river  of  about  250 
acres,  which  is  dotted  here  and  there  by  scalds,  areas  barren  of  vege- 
tation, quagmires,  soft  wet  boggy  areas,  and  ponds.  The  evaporation 
of  water  leaves  an  incrustation  of  salts  on  the  surface  in  certain 
areas.  A  large  sulphur  spring  (Big  Sulphur  Spring)  issues  near 
Stills  Creek,  1  mile  southwest  of  the  saline.  It  is  in  a  low  swampy 
area  and  flows  a  bold  stream  of  water  highly  charged  with  hydrogen 
sulphide  gas,  which  decomposes  at  the  surface,  causing  the  precipita- 
tion of  quantities  of  white  amorphous  sulphur.  A  similar  but  smaller 
sulphur  spring  (Little  Sulphur  Spring)  issues  near  the  northeastern 
edge  of  the  saline,  on  the  bank  of  Neches  River.  Half  a  mile  north- 
west of  Little  Sulphur  Spring  is  the  so-called  soda  spring,  where, 
it  is  reported,  soda  was  made  by  evaporating  the  water  during  the 
Civil  War.  North  of  the  saline  is  an  "  island  "  or  mound  in  the  low 
land  along  Neches  River.  It  is  a  comparatively  small,  fiat-topped 
area  about  6  to  8  feet  above  the  bottom  land.  It  is  cut  off  from  the 
high  land  by  a  slough  that  represents  an  old  channel  of  Neches  River. 
The  "  island  "  is  a  remnant  of  a  terrace  slightly  elevated  above  the 
present  river  bottom.  The  salt  incrustations  formed  at  this  saline 
consist  of  a  miztureTof  alkaline  carbonate  and  alkaline  chloride. 

This  is  a  typical  saline,  but  so  far  as  surface  evidence  shows  it  is 
not  a  salt  dome,  as  the  strata  in  the  surrounding  area  are  not  highly 
disturbed  and  there  is  nothing  in  the  topography  to  suggest  an  up- 
lift. The  peculiar  features  of  the  saline  are  due  to  the  presence  of 
mineralized  water.  It  is  likely  that  this  saline  is  situated  near  a  fault 
which  permits  mineralized  waters  to  reach  the  surface.  If  there 
has  been  any  doming  of  the  strata  there,  it  was  completed  prior 
to  the  deposition  of  the  surface  formation,  which  belongs  to  the 
Jlaibome  group. 


THE  BRENHAM  SALT  DOME,  WASHINGTON  AND  AUSTIN 

COUNTIES,  TEXAS, 


By  Oliver  B.  Hopkiks. 


INTRODUCTION. 

The  discovery  of  heavy,  tarlike  oil  in  a  shallow  water  well  near  the 
Washington-Austin  county  line,  9  miles  southwest  of  Brenham  (see 
PL  XXII)  led  to  drilling  for  oil  there.  A  local  company,  the  Bren- 
ham Oil  Co.,  was  formed  and  in  the  spring  of  1915  drilled  a  well 
that  showed  such  favorable  indications  of  oil  and  gas  that  a  second 
well  was.  drilled,  and  this  has  yielded  4  to  6  barrels  a  day  for  almost 
two  years.  The  completion  of  this  small  well  led  to  the  leasing  of 
large  areas  in  the  vicinity  and  started  the  drilling  of  12  additional 
wells,  making  altogether  14  that  have  been  drilled  to  the  present 
time  (April,  1917).  With  the  exception  of  the  small  oil  well  and 
the  discovery  of  gas  in  another  well,  which  "  blew  out "  and  finally 
became  choked,  the  results  of  the  drilling  have  been  discouraging, 
except  that  they  have  demonstrated  the  presence  of  a  salt  dome. 

At  the  request  of  residents  of  the  vicinity  of  Brenham,  who  were 
interested  in  the  development  of  the  area  and  who  volunteered  to 
furnish  all  the  available  well  logs  and  samples  for  study,  an  investi- 
gation was  undertaken  by  the  United  States  Geological  Survey  to 
determine  whether  the  structure  of  the  area  could  be  determined 
from  surface  study  and  from  the  well  records  and  whether  any  geo- 
logic assistance  could  be  given  in  the  development  of  the  area.  The 
results  of  the  studies  have  been  largely  disappointing,  as  they  fail 
to  throw  much  light  on  the  probable  presence  and  location  of  oil 
there.  It  is  hoped,  however,  that  the  information  set  forth  here  may 
be  of  value  to  those  who  may  continue  drilling  in  this  area. 

LOCATION   ANB   TOPOGRAPHY. 

The  Brenham  salt  dome  lies  along  the  Washington  and  Austin 
county  line,  9  miles  southwest  of  Brenham  and  about  70  miles  north- 
west of  Houston,  Tex.  It  is  most  easily  reached  from  Brenham, 
which  is  on  the  Atchison,  Topeka  &  Santa  Fe  and  Houston  &  Texas 
Central  railways. 

The  country  is  a  rolling  prairie  with  a  general  altitude  of  800  to 
450  feet  above  sea  level.   The  hills  are  mostly  grass  covered  and  tree- 
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less  and  have  gentle  rounded  slopes.  The  structural  dome  is  situated 
between  the  valleys  of  Williams  and  East  Mill  creeks,  and  although 
its  crest  is  believed  to  occupy  high  ground,  it  does  not  occupy  the 
highest  ground  in  the  area,  probably  because  of  its  proximity  to  the 
two  creeks  mentioned.  Topographically  it  is  not  a  conspicuous  fea- 
ture, like  the  "mounds"  on  the  low,  flat  prairie  near  the  coast, 
although  the  details  of  the  drainage  may  suggest  to  the  trained  ob- 
server the  presence  of  a  salt  dome. 

GEOIiOGY. 

SUBFACS  GEOLOGY. 

The  Brenham  salt  dome  (PI.  XXIV)  is  near  the  middle  of  a  belt 
of  the  Lagarto  clay,  which  extends  southwestward  from  Brazos 
Kiver  past  Brenham  and  Cuero  to  and  a  short  distance  beyond  San 
Antonio  River.^  A  partial  list  of  the  geologic  formations  that  lie 
below  the  Lagarto  clay  is  given  in  the  accompanying  table. 

The  Lagarto  clay  consists  dominantly  of  clay  and  sandy  clay, 
which  are  gray  or  green  when  fresh  and  which  weather  into  a  black 
plastic  clay,  and  lenticular  beds  of  cross-bedded  sand  and  soft  sand- 
stone. The  cross-bedding  and  lenticularity  of  the  beds  make  the 
structure  of  the  area  in  which  they  crop  out  difficult  or  impossible 
of  determination.  There  are  chalky  beds  and  beds  with  numerous 
chalky  concretions  which  may  be  traced  short^  distances  where  the 
rock  exposures  are  exceptionally  good.  Outcrops  of  this  formation 
surround  the  Brenham  dome  and  cover  its  entire  area,  with  the  pos- 
sible exception  of  a  few  small  exposures  of  coarse-grained  pebbly 
sand  with  waterwom  Cretaceous  fossils  in  the  bed  of  Williams  Creek, 
one-third  of  a  mile  south  of  the  center  of  drilling  operations.  This 
sand  may  represent  the  base  of  the  Lagarto  clay  or  the  top  of  the 
underlying  Oakville  sandstone.  Deussen*  reports  that  near  Hal- 
stead,  6  miles  east  of  LaGrange,  at  the  base  of  the  Lagarto  clay« 
which  rests  unconf  ormably  on  the  Oakville  standstone,  there  is  a  bed 
of  gravel  with  worn  Cretaceous  shells.  It  is  possible  that  these  ex- 
posures represent  the  same  beds,  which  are  elevated  in  the  area  of 
this  dome  sufficiently  to  bring  them  to  the  surface  where  normally 
they  would  be  several  hundred  feet  below  it. 

1  The  distribution  of  this  formation  is  stated  as  shown  on  an  unpublished  map  of  the 
Coastal  Plain  of  Texas  west  of  Brasoa  Riyer,  by  Alexander  Deussen. 
■Deussen,  Alexander,  op.  clt 
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Partial  geologic  section  exposed  in  the  Coastal  Plain  of  Texas  west  of  Brazos 

River.^ 


System. 

Series. 

Formatkm. 

Thick- 
ness. 

Llthc^ofy. 

PlSooeoe. 

LeputoolAy. 

Fed. 
atXMOO 

Clay  with  lime  concretions  and  calcareous  cross- 
bedded  sand .  Clay  light-cofored  or  green  when 
fresh,  black  on  weathering. 

■ 

Lapara  sand.^ 

£0-100 

Sand  and  day,  Interbedded;  clay  red,  green,  and 
pink. 

Miocene. 

Oakrille  sand- 
stone. 

200-300 

Sandstone,  gray,  soft,  ealeareoos  in  places;  soma 
clay  lenses. 

Oligocene. 

Catahoula 
sandstone. 

200 

Sandstone,  hard,  blue,  quartEitic;  green,  bhia, 
brown,  and  white  clay;  and  gray  cross-bedded 
sandstone. 

• 

Eocene. 

Frioelay. 

500 

Clay,  green  and  pfaik.  with  small  lime  nodules; 
beds  of  volcanic  ash;  beds  of  brown  marl  in 
lower  part. 

Tertlvy. 

'  Fayette  sand- 
stone. 

800 

Sandstone  and  sand,  gray;  brown  and  lignitic 
day;  volcanic  ash  and  white  kaolin-like  clay. 

• 

s 
I 

e 

B 

Yegua  forma- 
t£>n. 

000-720 

Clay,  dark  green  and  brown,  lignitic;  sand,  ye^ 
low  and  dark  colored;  lignite. 

Cook  Moun- 
tain forma- 
tion. 

700-800 

Oreensand,  greensand  marl,  iron  ore,  lignite,  lig^ 
nitic  clay,  clay,  sandstone,  and  sand.  Glauco- 
nitic  sand  and  clay  predominate. 

• 

Mount  Sel- 
man   for- 
mation. 

600-700 

Sand,  dark  green  and  brown;  thin  seams  of  iron 
ore;  lenses  of  lignite  and  clay;  beds  generally 
iron  bearing. 

Carrizo  sand- 
stone. 

20(MfiO 

Sandstone,  CDorse  grained,  cross-bedded,  calcare- 
ous hi  part;  coarse  quartzitic  sand  and  fine- 
grained micaceous  sandstone. 

iTQcox  forma- 
tion. 

350-050 

Sand  lenses,  sandstone,  clay,  sandy  clay,  and 
lignite. 

[idway    for- 
mation. 

260 

Clay  and  limestone  of  marine  origin. 

Gulf  (Upper 
Cretaceous). 

Navarro    for- 
matkm. 

500-600 

Marl,  bluish  black,  and  glauconitic  clay;  blue 
clay  with  sidcrite  and  limonite  concretions; 
yellow  and  brown  sand  with  hard  sandy  con- 
cretions. 

Cretaceous. 

Taylor  marl. 

600-700 

Clay  marl,  blue,  calcarecos.  West  of  Bexar 
County  tne  Taylor  marl  is  replaced  by  the  Ana- 
cacho  limestone. 

A 

£ 

ustin  chalk. 

304-500 

Chalk,  interstratified  with  thin  l)eds  of  soft  marl. 

af^Ie      Ford 
shale. 

21-200 

Shale  and  thin  arenaceous  beds  of  laminated 
limestone. 

•  From  manuscript  report  by  Alexander  Deussen  on  geology  of  Coastal  Plain  of  Texas 
west  of  Brazos  River. 

»  ThlB  formation  is  absent  in  the  area  near  the  Brenham  dome. 

UNDEBGHOiDrND  GEOLOGY. 

The  knowledge  of  the  underground  geology  in  the  area  of  the 
Brenham  dome  is  obtained  from  the  14  wells  that  have  been  drilled 
there.  The  character  and  thickness  of  the  beds  penetrated  in  these 
wells  are  shown  in  Plate  XXV,  which  shows  five  representative 
well  records,  arranged  roughly  in  an  east-west  line  across  the  dome. 
It  is  not  possible  to  divide  the  beds  as  shown  in  the  well  records 
into  the  formations  that  have  been  recognized  at  their  surface  out- 
crops, as  the  materials  lack  distinctive  features. 
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Shells  submitted  by  Alexander  Deussen  from  the  Brenham  Oil 
Co.'s  well  No.  1  (Schuerenberg  lease),  from  a  depth  of  1,275  to 
1,360  feet,  were  examined  by  C.  W.  Cooke  and  identified  as  prob- 
ably of  Cook  Mountain  age.  A  larger  collection  from  this  well  at 
a  depth  of  1,294  to  1,319  feet  was  determined  by  C.  L.  Baker  as  of 
Cook  Mountain  age,  thus  proving  that  that  formation  had  been 
reached.  Mr.  Baker  also  recognized  the  greensand  marl  found  at 
1,600  feet  in  the  Gulf  Production  Co.'s  No.  1  Thielmann  well  as  Cook 
Mountain.  Other  fossils  of  Claiborne  (Eocene)  age  were  identified 
by  Mr.  Baker  from  the  Brenham  Oil  Co.'s  well  No.  2,  and  from  the 
Milam  Oil  &  Gas  Co.'s  well  No.  1. 

The  minimum  thickness  of  the  formations  between  the  base  of  the 
Lagarto  clay  and  the  Cook  Mountain  formation  is,  according  to 
Deussen,  2,300  feet,  and  as  the  wells  here  start  in  the  Lagarto  and 
reach  the  Cook  Mountain  at  1,300  to  1,600  feet,  either  the  intervening 
formations  must  be  locally  much  thinner  than  the  normal  or  some 
of  them  must  be  absent,  a  condition  which  suggests  the  uplift  and 
erosion  of  this  area  between  the  periods  of  deposition  of  the  Cook 
Mountain  and  Lagarto  formations. 

Brown  gumbo  and  streaks  of  lignite,  which  may  belong  to  the 
Yegua  formation,  were  found  in  well  No.  1  of  the  Brenham  Oil  Co. 
at  a  depth  of  861  to  996  feet,  in  No.  2  at  1,027  to  1,067  feet,  in  No.  3 
at  1,262  to  1,282  feet,  and  in  well  No.  1  of  the  Kamas  Oil  Co.  at  905 
to  932  feet.  The  Brenham  Oil  Co.'s  well  No.  4  penetrated  gypsum 
(largely  anhydrite)  from  1,113  to  1,500  feet,  and  sand  and  some 
gypsum  from  1,500  to  1,587  feet. 

Gray  sandy  clay,  secondary  (?)  limestone,  and  gypsum  are  re- 
ported from  the  Brenham  Oil  Co.'s  well  No.  5  at  a  depth  of  1,300 
to  1,395  feet,  also  a  salt-water  flow,  which  was  not  reported  from  any 
of  the  neighboring  wells.  j 

The  second  test  of  the  Gulf  Production  Co.  (not  numbered)  was 
abandoned  at  1,296  feet  in  a  porous  rock  which  absorbed  the  return 
fluid  and  made  deepening  impossible. 

Gypsum  was  reported  from  the  Gulf  Production  Co.'s  well  N( 
(Schuerenberg  tract)  at  depths  of  1,303  to  1,312  and  1,354  to  1, 
feet,  and  rock  salt  at  1,392  to  1,442  feet.  Numerous  fragments  of  c 
tings  from  the  slush  pit  of  this  well  were  tested  and  found  to  btfi 
chalk.  However,  the  absorption  of  the  return  fluid  by  the  beds  at' 
depths  near  1,442  feet,  the  depth  at  which  the  well  was  abandoned, 
indicates  clearly  that  the  core  of  secondary  minerals  of  the  salt  dome 
had  been  reached.  Returns  were  also  lost  in  the  Kamas  Oil  Co-'s 
well  No.  1  at  different  levels  from  1,185  to  1,390  feet,  where  the  well 
was  abandoned.  It  is  likely  that  the  rock  reported  from  these  inter- 
vals is  secondary  limestone  or  gypsum. 


I 
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The  secondary  limestone,  gypsum,  and  salt  are  typical  of  salt 
domes,  and  their  presence  in  this  area  indicates  the  presence  of  a 
dome  of  that  type.  Drilling  indicates  that  the  core  of  secondary 
mineralfi  comes  nearest  to  the  surface  on  the  Kamas,  Sundehusen, 
and  Schuerenberg  tracts,  which  may  represent  approximately  the 
center  of  the  uplift. 

Fresh,  potable  water  was  abtained  in  a  well  a  short  distance  west 
of  the  Milam  Oil  &  Oas  Co.'s  well  No.  1  at  a  depth  of  526  feet. 

EVTDENCE  OF  SAXT  BOMS. 

The  evidence  of  a  salt  dome  in  this  area  includes  (1)  the  presence 
of  Cook  Mountain  fossils  600  to  800  feet  nearer  the  surface  than  is 
normal  for  this  area,  (2)  the  marked  differences  in  the  strata  found 
in  neighboring  wells,  (8)  the  apparent  discordance  in  the  dip  of 
the  surface  and  underlying  beds,  (4)  the  presence  of  shallow  oil, 
(5)  the  presence  of  porous  beds  that  absorb  the  return  fluid  and 
make  drilling  difficult  or  impossible,  and  (6)  the  occurrence  of  secon- 
dary limestone,  gypsum,  and  salt  (t).  As  examples  of  the  marked 
differences  in  the  character  of  the  strata  encountered  in  neighboring 
wells  may  be  mentioned  the  salt  water  found  in  the  Brenham  Oil 
Co.^s  well  No.  5  and  not  in  any  of  the  surroui\^ng  wells;  ^^  quids- 
sand,"  which  caused  the  abandonment  of  the  well,  found  in  the  sec- 
ond test  boring  of  the  Oulf  Production  Co.  and  not  found  in  that 
company's  well' No.  2  near  by;  and  gypsimi  found  in  Brenham  No.  4 
and  not  in  neighboring  wells  at  the  same  depth.  The  occurrence  of 
porous  material,  such  as  limestone  or  gypsum,  in  which  the  returns 
are  lost,  is  good  evidence  of  the  presence  of  a  salt  dome. 

STBUCTUBE. 

A  study  of  the  surface  outcrops  around  the  Brenham  dome  shows 
that  the  beds  have  not  been  highly  deformed  but  dip  gently  away 
from  the  center  of  the  uplift.  This  is  particularly  noticeable  on  its 
north  side,  where  the  exposures  are  best.  Because  of  the  obscurity 
and  scarcity  of  exposures  and  because  the  principal  folding  had 
taken  place  prior  to  the  deposition  of  the  surface  formation,  the 
shape  and  extent  of  the  uplift  can  not  be  determined  from  surface 
study.  Fossils  from  wells  drilled  here  show  that  the  Cook  Mountain 
formation  is  reached  at  about  1,300  feet,  near  what  is  considered  the 
center  of  the  uplift,  whereas  this  formation  should  normally  be 
about  2,000  to  2,200  feet  below  the  surface  and  has  therefore  been 
uplifted  600  to  900  feet.  It  is  evident  that  this  formaticm  dips  away 
steeply  from  the  crest  of  the  uplift  and  that  there  is  a  wide  discord- 
ance in  dip  between  the  Cook  Mountain  and  the  surface  formation. 
It  is  impossible  to  correlate  with  ceitainty  the  beds  represented  in 
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the  well  logs  and  thus  to  determine  the  amount  of  dip.  If  the 
shallow  oil  sand  found  at  about  100  feet  in  nearly  all  the  wells  near 
the  center  of  development  is  the  same  in  the  different  wells,  the  re- 
sults are  entirely  consistent;  the  dip  is  160  feet  to  the  mile  to  the 
east  from  the  Brenham  Oil  Co.'s  well  No.  4  to  the  Milam  Oil  &  Gas 
Co.'s  well  No.  1 ;  207  feet  to  the  mile  from  the  Brenham  Oil  Co.'s 
well  No.  4  to  No.  3 ;  and  244  feet  to  the  mile  from  the  Brenham  Oil 
Co.'s  well  No.  4  to  the  Gulf  Production  Co.'s  well  No.  2.  These 
figures  suggest  that  the  dip  is  to  the  northeast,  east,  and  southeast 
from  Brenham  well  No.  4,  which  may  be  near  the  center  of  the 
uplift.  If  the  oil  sand  in  Brenham  well  No.  1  is  the  same  as  in 
N- o.  2  the  dip  is  to  the  south  at  about  900  feet  to  the  mile.  This  may 
or  may  not  be  the  correct  dip. 

A  tentative  correlation  of  the  lignite  and  brown  shale  was  made, 
but  the  results  did  not  harmonize  with  the  supposed  facts,  and  they 
are  therefore  believed  to  be  unreliable  for  the  determination  of  the 
structure. 

The  folding  associated  with  salt  domes  is  so  intense  that  regular 
quaquaversal  structure  is  in  most  places  much  complicated  by  faults. 
It  is  therefore  difficult  and  usually  impossible  to  outline  even  the 
major  structural  features  of  a  salt  dome  without  numerous  records 
of  well-distributed  borings.  Such  records  are  not  yet  available  for 
his  dome.  It  seems  likely,  however,  that  the  crest  of  the  dome  is 
near  well  No.  4  of  the  Brenham  Oil  Co.,  which  penetrated  several 
hundred  feet  of  gypsum,  although  possibly,  as  this  well  penetrated 
sand  below  the  gypsum,  it  is  not  on  the  crest,  and  the  gypsum  found 
here  is  a  tongue  projecting  from  the  main  mass.  The  supposed  cen- 
ter of  the  dome  is  indicated  on  the  accompanying  map.  The  wells 
within  the  area  shown  encountered  either  gypsum  or  some  porous 
stratum  that  absorbed  the  fluid  in  the  hole  and  prevented  any  returns 
reaching  the  surface. 

Deussen  ^  pointed  out  that  this  dome  is  in  a  general  line  connecting 

the  Steen  dome  east  of  Lindale,  the  Brooks  dome  west  of  Bullard, 

the  Keechi  and  Palestine  domes  in  Anderson  County,  and  the  Butler 

dome  southeast  of  Butler.    This  line  roughly  parallels  the  Balcones 

fault 

WBL.L.S  DRIIiliEB. 

BBBNHAM   OIL  CO. 

Well  No.  1  (on  Schuerenberg  lease),  drilled  in  1915  to  depth  of  1,451  feet. 
ShaUow  oU  reported  at  lOS-112  feet ;  deep  oil  sand  at  1,319-1.328  and  1.438-1,451 
feet  Slx-incli  casing  set  at  1,320  feet  Well  dry  bttt  made  showing  of  oU  and 
gas. 

Well  No.  2  (on  Schuerenberg  lease),  depth  1,372  feet  Oil  sand  reported  at 
1,358-1,361  and  1,383-1,372  feet    Well  pumped  for  about  two  years;  yields 

*■  DeoBsen,  Alexander,  op.  cit 
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4-6  barrels  of  oil  of  40*-41*  Baum6.  This  was  the  ooly  productive  well  In  the 
field  in  1916.    No  secondary  minerals  were  recognized  in  the  cuttings. 

Well  No.  3  (on  Kramer  lease),  drilled  in  1915,  and  abandoned  at  depth  of 
1,686  feet  in  shale.  Shallow  oil  found  at  122-123  feet  No  promising  indica- 
tions were  found  in  the  lower  beds. 

Well  No.  4  (on  Sundehusen  lease),  depth  1,587  feet  Encountered  shallow  oil 
at  98-104  feet  and  i)enetrated  gypsum  (largely  anhydrite)  from  1,113  to  1,5(X) 
feet    Yielded  a  flow  of  mineralized  water  at  1,587  feet. 

Well  No.  5  (on  Schuerenberg  lease),  depth  1,395  feet.  Encountered  shallow 
oil  at  104-140  feet,  salt  water  at  1,376  feet,  and  probably  secondary  limestone 
and  gypsum  at  1360-1,395  feet 

CALHOUN  OIL  Ca 

Well  No.  1  (on  H.  A.  Lehman  lease) ;  no  Information  available  concerning 
this  well. 

GULF  PRODUCTION   CO. 

Well  No.  1  (on  Thielmann  lease),  drilled  in  1915  to  depth  of  1,694  feet 
Shallow  oil  found  at  108-120  feet,  Oook  Mountain  fossils  at  1,600  ftet.  Well 
blew  out  at  about  1,573  feet  and  raised  the  4-inch  drill  stem  out  of  the  well 
but  became  choked  within  a  few  days.  Showing  of  oil  and  gas  reported  at 
1,576-1,578  feet    This  well  yielded  more  gas  than  any  other  in  the  area. 

Lost  hole  (on  Schuerenberg  lease,  well  not  numbered),  depth  1,296  feet  CJook 
Mountain  fossils  identified  by  J.  A.  tJdden  from  depth  of  1,140-1,150  feet 
*'  Quicksand  "  near  bottom  which  absorbed  returns  and  caused  the  hole  to  be 
abandoned. 

Well  No.  2  (on  Schuerenberg  tract),  depth  1,442  feet  Gypsum  reported  at 
1,303-1,312  and  1,354-1,392  feet,  and  rock  salt  at  1,392-1,442  feet  Lower  beds 
absorbed  returns.    No  gypsum  found  In  the  slush  pit 

MILAM  OIL  A  GAS  GO. 

Well  No.  1  (on  Kramer  lease),  depth  1,756  feet.  Showing  of  heavy  oil  at 
104-107  feet,  salt  water  at  1,686-1,693  feet    No  indications  of  importance  found. 

KAMAs  on.  CO. 

Well  No.  1  (on  Kamas  lease),  drilled  in  1915,  abandoned  January,  1916 ;  depth, 
1,390  feet.  Returns  lost  between  1,190  and  1,390  feet,  probably  in  porous  gypsum 
or  cavernous  limestone. 

ixHMANN  on.  ca 

Well  No.  1  (on  Lehmann  lease),  depth  1,933  feet.  Lignite  reported  at  1,786- 
1,790  feet  No  secondary  limestone  or  gypsum  found;  no  indications  of  impor- 
tance. 

BADKE  on.  A  QAB  CO. 

Well  No.  1  (on  Radke  lease),  drilled  by  Badgett  &  MuUoy;  depth  1,700  feet 
Cuttings  mostly  loose  gray  sand  and  pink  and  green  clay.  Well  flows  small 
stream  of  fresh  water ;  no  showing  of  oil  or  gas  reported. 

STAMMANN   OIL  A   GAS   Ca 

WM  No.  1  (on  L.  Stammann  lease),  drilled  and  abandoned  In  1915;  no 
casing  set ;  depth  1,500  feet    Showing  of  gas  reported  at  1,030  and  1,226  feet 
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OCCURRENCE  OF  OIL. 

In  the  Brenham  dome  tarlike  oil  has  been  found  in  small  quantities 
at  a  depth  of  about  100  feet  in  most  of  the  wells  on  and  near  the 
F.  W.  Schuerenberg  lease,  and  in  the  same  area  oil  has  been  found 
at  depths  of  1,81^-1,451  feet  in  the  Brenham  Oil  Co.'s  well  No.  1, 
and  at  1,358-1,372  feet  in  well  No.  2  of  the  same  company. 

Well  No.  2  has  yielded  4  to  6  barrels  of  oil  a  day  for  about  two 
years.  The. oil  is  dark  green,  has  a  gravity  of  40°-41°  Baum£,  and 
when  freshly  pumped  is  fairly  liquid.  On  standing  in  an  open  tank 
a  few  days  it  loses  a  considerable  part  of  its  volatile  constituents,  and 
when  cooled  to  35°  to  40°  F.  it  solidifies,  and  a  layer  of  semisolid 
oil,  like  axle  grease,  forms  on  the  surface.  On  standing  in  a  sealed 
bottle  the  heavy  constituents  settle  to  the  bottom. 

The  heavy  oil  found  at  about  100  feet  is  probably  in  the  Lagarto 
clay  or  possibly  in  the  Oakville  sandstone.  As  these  formations  are 
not  known  to  contain  oil  at  any  locality  and  are  not  known  to  be 
bituminous,  it  seems  likely  that  this  oil  has  seeped  upward  from 
some  underlying  formation,  although  it  is  difficult  to  explain  why 
some  of  the  underlying  sands  do  not  show  oil,  and  particularly  why 
the  sand  at  525  feet,  which  yields  fresh,  potable  water,  has  not  been 
polluted  by  such  an  upward  migration. 

The  evidence  from  fossil  shells  shows  that  the  oil  in  the  deep  sand 
comes  from  the  Cook  Mountain  formation,  which  has  yielded  a  small 
quantity  of  oil  at  Oil  City,  Nacogdoches  County,  and  at  Crowther, 
McMullen  County.  It  seems  probable,  therefore,  that  the  oil  in  the 
Cook  Mountain  is  indigenous.  If  this  inference  is  true,  it  has  an  im- 
portant bearing  on  the  problem  of  the  possible  discovery  of  com- 
mercial pools  of  oil  here. 

The  table  on  page  273  shows  the  position,  lithology,  and  approxi- 
mate thickness  of  the  formations  above  and  below  the  Cook  Mountain. 
The  oil  from  the  salt  domes  of  the  coastal  region  of  Texas — ^Humble, 
Sour  Lake,  Batson,  and  others — ^is  believed  by  many  geologists  to 
come  from  sands  above  the  Cook  Mountain.  If  this  is  true,  the  sands 
which  are  oil  bearing  in  those  domes  will  probably  not  be  so  in  this 
area,  as  these  sands  have  been  penetrated  by  a  number  of  wells  here 
without  promising  results.  The  Navarro  formation  is  the  next 
known  oil-bearing  formation  below  the  Cook  Mountain.  The  inter- 
vening beds,  however,  contain  much  sand  and  carbonaceous  matter  at 
their  outcrops,  and  it  is  quite  possible  that  some  one  of  them  may  be 
found  to  contain  oil  under  favorable  structural  conditions,  such  as 
probably  exist  here.  The  Nacatoch  sand  member  of  the  Navarrd 
formation  yields  gas  in  the  Mexia-Groesbeck  field  and  oil  in  the 
Corsicana  field.  If  the  thicknesses  given  on  Plate  XXV  are  applicable 
to  this  area,  the  Navarro  may  be  reached  here  at  about  3,500  feet 
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However,  faults  and  unconformities  within  the  intervening  forma- 
tions, such  as  are  indicated  in  the  Palestine  and  Keechi  domes,  in 
Anderson  County,  may  make  any  estimate  unreliable.  It  is  not 
known  whether  the  Navarro  is  petroliferous  in  this  area,  or  even 
whether  it  contains  sand  here. 

According  to  some  geologists,  the  oil  in  the  salt  domes  of  the  coast 
is  adventitious  and  is  derived  through  faults  from  underlying  forma- 
tions, probably  of  Cretaceous  age.  If  this  is  true,  it  is  probable  that 
oil  may  be  found  here  under  similar  conditions.  Oil  is  commonly 
found  in  porous  limestone,  or  in  sands  overlying  or  tilted  up  against 
the  salt  core.  The  overlying  sands  in  the  Brenham  dome  have  been 
drilled  through  at  several  places  and  yield  a  small  quantity  of  oil  in 
well  No.  2  of  the  Brenham  Oil  Co.  It  seems  doubtful  whether  these 
sands,  which  appear  to  be  thin,  contain  oil  in  commercial  quantities 
on  or  about  this  dome.  The  porous  limestone  also  has  been  reached 
in  several  wells,  notably  in  Kamas  Oil  Co.  No.  1 ;  but  as  it  has  not 
yielded  oil  in  any  of  the  wells,  its  possibilities  are  not  encouraging. 
Below  the  porous  secondary  limestone,  the  "  cap  rock,"  gypsum  is 
commonly  found,  and  salt  below  that.  This  being  true,  it  is  probably 
useless  to  drill  deeper  when  the  limestone  is  reached  and  the  general 
succession  of  materials  is  established.  The  remaining  possibility  is  to 
find  oil  in  sands  or  other  porous  beds  tilted  up  around  the  flanks  of 
the  salt  core.  Oil  is  found  at  Humble  both  in  the  ^'  cap  rock  "  and 
in  steeply  inclined  sands  on  the  flank  of  the  dome.  The  absence  of 
oil  in  the  "cap  rock"  in  the  Brenham  dome  does  not  necessarily 
mean  that  oil  will  also  be  absent  in  the  surrounding  sands,  although 
it  suggests  that  possibility. 

SUGGESTIONS   REGARDING  FURTHER  DRILLING. 

If  the  inferences  set  forth  in  the  preceding  paragraphs  are  well 
founded,  the  sides  and  not  the  crest  appear  to  be  the  most  favorable 
parts  of  the  Brenham  dome  for  oil.  A  number  of  wells  have  already 
penetrated  the  sediments  overlying  the  central  mass  of  limestone  and 
gypsimi,  and  some  have  penetrated  parts  of  the  limestone  with  un- 
favorable results.  If  more  wells  are  drilled  they  should  be  located 
on  the  flank  of  the  dome,  where  the  drill  will  miss  the  central  core  of 
secondary  limestone  and  gypsum  and  will  penetrate  older  beds  below 
the  Cook  Mountain  formation,  as  shown  in  Plate  XXIV.  It  is  pos- 
sible that  tongues  of  limestone  and  gypsum,  which  may  be  easily 
penetrated,  may  extend  into  the  sedimentary  beds  from  the  central 
core.  Such  tongues  may  have  been  reached  by  Brenham  Oil  Co.'s 
well  No.  4,  which  encountered  sands  below  several  hundred  feet  of 
gypsum.    There  is  no  good  geologic  reason  why  this  well  should  not 
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have  been  deepened  so  l(Hig  as  it  did  not  encounter  the  central  core 
of  gypsum. 

It  seems  unlikely  that  a  deep  test  boring  within  the  area  marked 
"  supposed  center  of  uplift "  on  the  accompanying  map  would  be  suc- 
cessful, as  it  would  probably  encounter  the  central  core  of  limestone 
and  gypsum  at  1,000  to  1,200  feet.  Although  the  shape  and  size  of 
this  core  have  not  been  determined,  it  is  believed  that  wells  located  on 
the  south  or  southeast  side  of  the  uplift  and  within  1,000  to  2,000  feet 
from  the  outline  of  the  supposed  center  of  uplift  would  have  the  best 
prospects  for  success.  Wells  here  would  probably  reach  the  Cook 
Mountain  formation  at  a  somewhat  greater  depth  than  on  the  crest 
of  the  uplift,  and  deeper  drilling  than  has  been  done  will  be  neces- 
sary to  test  this  area. 

In  the  Brenham  dome,  as  in  most  other  salt  domes,  drilling  is 
attended  with  many  uncertainties  and  should  not  be  undertaken 
without  full  knowledge  of  them.  Failure  to  find  oil  in  commercial 
quantities  in  the  porous  limestone,  the  ^^cap  rock,"  and  the  sands 
overlying  the  crest  of  the  dome  makes  deeper  drilling  necessary, 
with  its  increased  costs  and  risks. 


OIL  AND  GAS  POSSIBIIITIES  OF  THE   HATCHETIGBEE 

ANTICLINE,  ALABAMA. 


By  OuvEB  B.  Hopkins. 


INTRODUCTION. 

During  1884-85,  16  years  before  the  discovery  of  oil  at  Beaumont, 
Tex.,  a  well  was  drilled  near  Bladon  Springs,  Ala.  (See  description 
of  Cullom  Springs  well,  p.  310.)  This  was  one  of  the  earliest  deep 
wells  drilled  for  oil  in  the  Gulf  Coastal  Plain.  The  reasons  that  led 
to  the  selection  of  this  area  as  a  possible  oil  field  are  not  known, 
although  it  is  interesting  to  note  that  this  well  was  drilled  near  the 
crest  of  the  Hatchetigbee  anticline  at  a  time  when  the  anticlinal 
theory  of  oil  and  gas  accumulation  was  being  much  discussed. 
A  small  showing  of  gas  was  found  in  this  well,  but  the  results  were 
not  regarded  as  sufficiently  promising  to  encourage  further  exploration, 
and  the  r^on  seems  not  to  have  attracted  any  further  attention 
imtil  after  the  discoverv  of  oil  at  Beaumont  in  1901. 

The  discovery  of  oil  in  the  famous  Lucas  "gusher"  at  Beaumont 
and  the  recognition  of  the  association  of  oil  with  salt  domes  in  the 
Gulf  coastal  region  led  to  extensive  drilling  in  areas  where  the  pres- 
ence of  salt  domes  was  suspected.  As  salt  springs  and  salt  wells  in 
the  area  of  the  Hatchetigbee  anticline  had  been  known  since  before 
the  Civil  War,  this  area  came  immediately  into  prominence  as  a  pos- 
sible oil  and  gas  field.  From  1902  to  1905  or  1906,  six  fairly  deep 
wells  were  driUed  here.  Although  Smith  ^  and  others  had  published  in 
1894  a  description  and  a  generalized  map  of  the  Hatchetigbee  anti- 
^  cjine,  these  weWs  were  poorly  located  with  reference  to  the  structure, 
and  all  were  driUed  near  old  salt  wells  or  springs.  Since  1906  little 
drilling  has  been  done  in  this  area,  although  interest  in  thd  possible 
occurrence  of  oil  and  gas  here  has  survived,  and  from  time  to  time 
leases  have  been  taken  and  development  work  projected.  At  the 
time  the  field  work  on  this  report  was  being  done  geologists  employed 
by  several  oil  companies  were  making  a  reconnaissance  examination 
of  the  area,  and  soon  after  the  Survey's  field  work  was  completed 
leasing  was  begun  near  Bladon  Springs. 

M. !■  ■■■■■MBWIIMIM-l  III  ^ 

1  Smithi  E.  A.,  Johnson,  L.  C,  and  Langdon,  D.  W.,  Jr.,  On  the  geology  of  the  Coastal  Plain  of  Alabama, 
Alabama  Oeol.  Sorvcy,  ISOi. 
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Most  of  the  wells  referred  to  above  yielded  small  quantities  of  gas, 
but  it  is  not  definitely  known  whether  any  of  them  yielded  even  a  trace 
of  oil.  Many  of  the  residents  of  the  country  assert  that  they  saw 
oil  coming  from  some  of  these  wells.  It  is  also  reported  that  while 
a  channel  was- being  blasted  out  in  Tombigbee  River  at  McGrews 
Shoals,  near  St.  Stephens,  oil  in  considerable  quantities  seeped  from 
the  rocks  in  the  river  bottom. 

The  present  interest  in  the  oil  and  gas  possibilities,  of  this  area, 
however,  is  not  due  to  the  occurrence  of  salt  or  gas  in  shallow  wells 
or  to  the  results  of  the  drilling  operations  described  above,  but  to  the 
work  of  E.  A.  Smith  and  others,  who  outlined  a  large,  well-defined 
anticline  in  this  area,  and  to  the  knowledge  that  the  most  favorable 
areas  in  which  to  look  for  commercial  pools  of  oil  and  gas  are  along 
the  crests  of  such  folds.  The  object  of  the  present  work  is  to  show 
more  in  detail  the  location  and  extent  of  this  anticline,  to  point  out 
in  a  general  way  the  areas  that  are  most  deserving  of  tests  with  the 
drill,  and  to  give  those  interested  in  exploratory  drilling  for  oil  and 
gas  information  regarding  the  geology  of  the  area,  the  character  of 
this  fold,  and  the  occurrence  and  depth  of  possible  productive  oil 
sands. 

SUMMARY. 

The  geologic  examination  of  the  area  shows  that  a  broad,  low  anti- 
cline, the  Hatchetigbee  anticline,  extends  from  a  point  north  of 
Jackson,  Ala.,  northwestward  across  Tombigbee  River  to  the  Ala- 
bama-Mississippi State  line  and  beyond;  that  the  disturbance  of  the 
earth's  crust  which  produced  this  fold  also  produced  a  fault,  the 
Jackson  fault,  which  extends  from  the  southeast  end  of  the  anticline 
in  a  southeasterly  and  southerly  direction  past  Jackson  and  the 
Central  Salt  Works  to  the  Lower  Salt  Works  near  Oven  BluflF,  on 
Tombigbee  River;  that  thQ  Hatchetigbee  anticline  has  in  general 
stronger  dips  on  its  southwestern  slope  than  on  its  northeastern; 
that  two  areas  along  the  crest  of  the  fold  are  particularly  favorable, 
structurally,  for  the  accumulation  of  oil  and  gas,  and  other  areas 
along  the  crest  of  the  fold  and  along  the  east  side  of  the  Jackson 
fault  are  also  favorable;  that  the  best  chances  for  accumulations  of 
oil  are  probably  in  the  sands  above  and  below  the  Sehna  chalk,  which 
lies  from  780  to  2,700  feet  below  the  surface  along  the  crest  of  the 
anticline;  and  finally  that  there  are  doubtless  other  areas  of  favor- 
able structure  in  the  adjoining  region  where  oil  and  gas  may  have 
accxunulated  if  they  are  present  in  commercial  quantities  anywhere 
in  the  region. 

FIELD  WORK. 

The  field  studies  on  which  this  report  is  based  were  made  by  the 
writer,  without  assistance,  in  seven  weeks  during  November  and 
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December,  1916.  The  report  by  E.  A.  Smith/  State  geologist,  on 
work  in  this  and  adjoining  areas  was  used  as  a  guide  to  the  general 
geology  and  structure  of  the  region.  The  most  detailed  studies  were 
made  of  the  areas  described  by  Smith  under  the  headings  '^Hatche- 
tigbee  anticline"  and  "Other  Buhrstone  displacements."  *  In  order 
to  ascertain  somewhat  in  detail  the  structure  of  these  areas,  the  gen- 
eral distribution  of  the  rock  formations  was  outlined,  the  direction 
and  rate  of  dip  of  the  rock  beds  were  determined  wherever  possible, 
and  as  much  other  information  relating  to  the  general  geology  and 
structure  was  obtained  as  was  possible  during  a  reconnaissance 
survey. 

The  progress  of  the  work  was  much  hampered  by  the  lack  of 
sufficiently  detailed  maps  on  which  to  plot  the  field  observations,  by 
the  difficulty  in  making  correct  locations  on  the  available  maps,  and 
by  the  scarcity  of  bench  marks  or  points  of  known  altitude  in  the 
area.  Wherever  possible  the.locations  made  on  the  maps  were  veri- 
fied by  inquiry  among  the  residents  as  to  the  position  of  section  lines, 
section  comers,  and  land  lines.  In  this  way  many  exact  locations 
were  made  with  regard  to  land  and  section  lines,  and  some  of  the 
most  conspicuous  errors  in  the  maps  were  corrected.  The  appUca- 
tion  of  this  method  of  location  was  not  satisfactory  in  many  parts  of 
the  area  that  are  sparsely  settled,  because  much  of  the  land  is  farmed 
by  renters,  many  of  whom  are  not  cognizant  of  the  position  of 
property  and  section  Unes. 

Altitudes  were  determined  with  an  aneroid  barometer  from  bench 
marks  established  by  Army  engineers  along  Tombigbee  River  over 
the  area  studied  and  were  corrected  from  barograph  records.  As 
there  are  a  number  of  easily  recognized  beds  in  the  area,  the  most 
satisfactory  method  of  determining  the  direction  and  rate  of  dip  was 
by  comparing  altitudes  on  these  beds  at  different  points.  Dips  were 
also  determined  directly  with  a  cUnometer  and,  where  the  exposures 
were  long  enough,  by  a  direct  measurement  of  the  difference  in  alti- 
tude of  a  bed  at  two  points  and  the  distance  and  direction  of  one  of 
these  points  from  the  other. 

Satisfactory  key  rocks  are  most  easily  recognized  in  the  Vicksburg 
and  Jackson  formations,  which  crop  out  on  the  flank  of  the  fold, 
whereas  it  is  difficult  to  recognize  individual  beds  in  the  Hatchetig- 
bee,  TaUahatta,  and  Lisbon  formations,  which  crop  out  near  the 
center  of  the  uplift.  Within  the  TaUahatta  formation,  however, 
there  are  many  hard  ledges  from  which  the  dip  of  the  beds  may  be 
determined. 

1  op.  cit  >  Qp.  oit.,  pp.  211-220. 
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IiOCATION  OF  THE  AREA. 

The  area  described  in  this  report  Ues  in  southwestern  Alabama. 
It  extends  from  the  Alabama-Mississippi  State  Une  southeastward  to 
and  beyond  Jackson,  on  Tombigbee  River,  including  the  southern 
part  of  Choctaw  County,  the  northeastern  part  of  Washington  County, 
and  the  southwestern  part  of  Clarke  County.  The  exact  location  and 
extent  of  the  area  examined  is  shown  on  Plate  XXVI.  It  is  about 
40  miles  long  from  northwest  to  southeast  and  12  to  15  miles  wide 
from  northeast  to  southwest.  The  largest  towns  within  the  area  are 
Jackson,  SaUtpa,  Bladon  Springs,  and  Silas.  It  is  most  easily  reached 
over  the  Mobile-Selma  branch  of  the  Southern  Railway,  which  runs 
through  Jackson,  or  over  the  Mobile- York  branch  of  the  Alabama, 
Tennessee  &  Northern  Railway,  which  runs  through  Silas.  Birming- 
ham, Montgomery,  Mobile,  and  New  Orleans  are  the  nearest  large 
cities. 
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TOPOGRAPHY. 

Viewed  broadly,  tHe  area  of  the  Hatchetigbee  anticline  is  a  some- 
what dissected  plain,  with  a  general  altitude  of  150  to  250  feet  above 
sea  level,  dipping  gently  seaward.  Few  prominent  hills  rise  above 
this  widespread  plain,  and  in  it  the  streams  have  cut  their  valleys. 
One-haJf  to  three-fourths  of  the  area  is  timber  covered,  long-leaf  pine 
predominating  in  the  uplands  and  hardwood  trees  in  the  lowlands. 
Viewed  more  narrowly,  this  area  is  seen  to  exhibit  three  distinct  types 
of  topography — ^the  broad,  flat  valleys  of  Tombigbee  River  and  its 
tributaries;  the  high,  flat  terrace  lands;  and  the  rough,  much  dis- 
sected hilly  areas. 

The  lowlands  along  Tombigbee  River,  which  traverses  the  ciantral 
part  of  the  area,  range  in  altitude  from  30  to  50  feet  above  sea  level 
and  in  width  from  2  to  5  or  6  miles.  Lai^e  areas  of  these  lowlands 
are  subject  to  overflow,  are  uncidtivated,  and  are  covered  with 
swamps  and  forests  of  hardwood  trees.  The  streams  that  flow  into 
the  Tombigbee  also  have  broad,  flat  valleys,  whose  gradients  are  so 
low  that  few  of  them  attain  an  altitude  of  80  feet  within  5  miles  of 
the  river.  Near  their  sources  these  streams  are  actively  sinking  their 
channels,  but  in  the  lower  parts  they  meander  through  broad  valleys. 
Near  the  mouths  of  many  of  these  streams  there  are  open  palmetto 
flats,  but  in  general  they  are  bordered  by  thickets  of  underbrush  and 
hardwood  forests. 

From  the  lowlands  along  the  Tombigbee  and  its  tributaries  the 
hills  rise  steeply  to  altitudes  of  150  to  250  feet.  Much  of  this  upland 
in  the  southern  and  particularly  in  the  southeastern  part  of  the  area  is 
flat  or  gently  imdulating.  North  of  Jackson  there  is  a  well-devel- 
oped plain  at  an  altitude  of  230  to  250  feet  above  sea  level.  This 
plain  was  developed  over  the  entire  area,  but  north  of  Stave  Creek 
and  west  of  the  Tombigbee  it  is  so  much  dissected  that  the  country 
is  very  rough  and  hilly.  The  hills  are  particularly  rough  and  steep- 
sided  in  much  of  the  area  along  Satilpa  Creek,  on  the  east  side  of 
the  river,  and  between  Santa  Bogue  and  Turkey  creeks,  on  the  west 
side.  (See  explanation  under  description  of  Tallahatta  buhrstone.) 
North  and  west  of  these  areas  the  country  is  also  hilly,  but  in  gen- 
eral the  slopes  are  more  gentle,  with  here  and  there  flat  rolling  lands 
and  even  smaU  areas  of  prairie  land. 

A  list  of  altitudes  may  be  of  value  to  oil  companies  or  others  who 
may  do  more  detailed  work  in  the  area.  The  following  precise 
altitudes  were  determined  by  the  United  States  Corps  of  Engineers 
and  refer  to  ''mean  low  tide"  of  the  Gulf  of  Mexico,  being  1.256  feet 
lower  than  ''average  tide  level"  at  Mobile,  the  datum  on  which  the 
level  line  was  originally  run. 
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Location. 

Designation. 

Altitude 

(leet). 

•     Descriptioin. 

Bridge  pler^  Jackson, 
Ala. 

Lock  No.  1,  St.  Steph- 
ens, Ala. 

Lock  No.  2,  Penning- 
ton, Ala. 

U.  S.  B.  M.  Jack- 
son Bridge. 

n.  S.  B.  M.  Lock 
NaL 

U.  8.  B.  M.  Lock 
No.  2. 

43.262 
20.092 
33.964 

Southern  Raflway  bridge  pier  on  right  bank  of 
Tombigbee  River,  Ala. ;  brass  bolt  cemented  in 
i^ranite  coping  4  feet  from  upstream  end  of  pier, 
99}  miles  from  Mobile. 

Upper  end  of  bank  wall,  lock  1,  Tombigbee 
River,  Ala.;  brass  bolt  cemented  in  concrete 
in  upper  comer  of  valve-stand  recess,  111  miks 
from  Mobile. 

Upper  end  of  bank  wall,  lock  2.  Tombigbee 
River,  Ala.;  brass  bolt  cemented  in  concrete 
coping  5  feet  from  upper  end  and  8  feet  from 
face  of  waU,  182  miles  from  Mobile. 

A  close  approximation  to  the  altitude  of  any  point  along  Tom- 
bigbee River  may  be  obtained  by  subtracting  4.8  feet  from  the  gage 
reading  below  lock  No.  1,  near  St.  Stephens,  for  points  below  that 
place  and  by  adding  5.7  feet  to  the  gage  reading  of  the  lower  pool  at 
lock  No.  2  for  the  altitude  of  the  water  surface  in  the  pool  between 

locks  Nos.  1  and  2. 

OEOIiOOT. 

STBATIGBAPHY. 
GENERAL   SECTION. 

The  accompanying  table  gives  a  list  of  the  formations  into  which 
the  rocks  of  the  area,  both  those  exposed  at  the  surface  and  diose 
underlying  it  at  a  moderate  depth,  have  been  divided.  The  exposed 
rocks  belong  to  the  Hatchetigbee  and  overlying  formations.  The 
unexposed  rocks,  which  crop  out  in  the  region  to  the  north  at  a  dis- 
tance of  20  to  80  miles  and  dip  imder  this  area,  belong  to  the  Bashi 
and  imderlying  formations.  The  range  in  thickness  and  the  general 
lithologic  diaracter  of  these  formations  are  also  given  in  the  accom- 
panying table.  For  the  exposed  rocks  these  descriptions  apply  to 
their  outcrop  in  this  area;  for  the  unexposed  rocks,  which  will  be 
encoimtered  in  deep  drilling,  the  descriptions  are  based  on  their 
nearest  outcrops  to  the  north,  where  their  character  is  assumed  to 
be  most  comparable  with  that  in  the  area. 

The  areal  distribution  of  the  exposed  rocks,  from  the  Hatchetigbee 
to  the  Vicksburg  formations,  is  concentric  in  arrangement.  (See 
PL  XXVI.)  The  area  of  outcrop  of  the  oldest  exposed  formation,  the 
Hatchetigbee,  is  centrally  located,  and  the  formations  overlying  it 
are  arranged  in  ascending  order  around  it  up  to  the  Vicksburg  group. 
The  formations  surrounding  the  Hatchetigbee  formerly  extended 
over  it  but  have  since  been  removed  by  erosion.  The  Catahoula 
sandstone  crops  out  south  and  southwest  of  this  area  a  short  distance 
beyond  the  area  mapped.  The  formations  overlying  the  Catahoula 
sandstone  are  irregular  in  distribution  and  are  spread  over  aU  the 
other  formations  in  blanket  fashion,  completely  hiding  them  over 
large  areas.  The  unexposed  formations  are  nearest  the  surface, 
where  the  oldest  exposed  formation,  the  Hatchetigbee,  crops  out. 
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Section  o/fomuUions  involved  in  the  Hatchetigbee  anticline,  Ala, 


System. 

Series. 

Qroap. 

Thick- 
ness in 
feet 

Lithdoglc  character. 

Quateiiiary. 

Recent. 

Alluvlimi. 

Clav,  silt,  and  sand  along  present 
streams. 

Pleisto- 
cene. 

Alluvial    ter- 
race deposits. 

Sand,  gravel,  and  clay. 

Pliocene. 

Citronelle  for- 
mation. 

0-100 

Terrace  sand  and  gravel. 

• 

OliKocene. 

Catahoula 
sandstone. 

a<2Q0 

Light-gray  sands,  sandstones,  and 
greenish-gray  siliceous  clays. 

"Coral    lime- 
stone." 

0-90 

Limestone,  hard  and  soft  beds  alternat- 
ing, composed  In  part  largely  of  corab. 

Vicksburg. 

Marianna 
limestone. 

0-90 

Limestone,  Usht  grey  to  white,  soft, 
chalky  ("chimney  rock")  below,  and 
hard,  semicrystalline,  cavernous 
(Glendon  limestone  member,  locally 
termed  "horsebone")  above. 

Red  Bluff  clay. 

20-40 

Qlauconitio  clay,  marl,  and  marly  lime- 
stone below  and  plastic  greenish-gray 
clay  and  gypsiferous  and  in  places  car- 
bonaceous clay  above. 

Eocene. 

Jackson     for- 
mation. 

80-115 

Clay,  sand,  and  indurated  marl;  plastic 
bluish-gieon  clay  at  base,  Mowed 
above  by  medium  flne-gralned  sand, 
light-gray  indurated  marl,-  and  plastio 
gray  or  greenish-gray  clay  at  top. 

Claiborne. 

Oospoct  sand. 

40-200 

Oreensand  and  indurated  glauconitic 
sandy  marl  and  subordinate  beds  of 
glauconitic  clay;  replete  with  shells, 
especially  the  greensand. 

/ 
Teitiary. 

Usbon  forma- 
tion. 

Sahd,  clay,  indurated  mari,  sandstones, 
and  oyster  beds;  the  sands  an  highly 
glauconitic  and  weather  red.  Almost 
entirely  marine;  in  large  part  highly 
fossiUferous. 

Tallahatta 
buhrstone. 

20-aoo 

Clays  tone,  sandstone,  and  argillaceous 
sandstone,  light  gray,  greenish  gray,  or 
green,  glauconitic,  medium  to  tain 
bedded,  noncalcareous,  highly  sili- 
ceous, sparingly  fossillferooa  except  in 
few  beds. 

* 

« 

Wilcox. 

Hatchetigbee 
formation. 

200-300 

Sand,  laminated  sand  and  clay,  sandv 
clay,  and  plastic  clay;  these  materials 
are  light  to  dark  gray  or  greenish  gray 
when  fresh,  but  weather  to  vellow  or 
brown.  A  large  part  of  the  formatlan 
is  lignitlc,  but  it  also  contains  numer- 
ous oeds  of  marine  shells. 

Bashl   forma- 
Uon. 

80-126 

Greensand  marl,  sandy  clav.  end  beds  of 
lignite;  in  upper  part  this  formation 
contains  marme  shells  in  abundance 
and  in  lower  part  numerous  thin  beds 
of  lignite. 

Tuscahoma 
formation. 

140-200 

gray  in  color  and  contaixung  several 
shell  beds. 

Nanafalift  for- 
mation. 

200-250 

Clays  and  sandy  clays,  indurated  and  in 
part  glauconitic,  f(dlowed  below  by 
light-gray  sands,  greenssnds,  and 
sandy  clays;  lignite  is  present  at  base 
of  formation  In  some  places,  and 
marine  shells  ara  abundant  in  upper 
part. 
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The  maxiinuin  exposed  thickness  at  this  place  is  probably  150  feet, 
whereas  its  total  thickness  farther  north  is  estimated  by  Smith  to  be 
175  feet. 

The  Hatchetigbee  weathers  readily  into  plastic  clay  and  sandy 
day;  fresh  exposures  are  rare.  The  formation  contains  no  easily 
recognizable  beds,  and  detailed  structural  studies  are  difficult  within 
the  area  of  its  outcrop  because  of  the  lack  of  distinctive  beds  and 
because  the  bedding  is  uneven  and  measurements  of  local  dips  are 
difficult  to  obtain  and  of  little  value. 

A  conspicuous  bed  of  clay  pebbles  and  boulders  is  exposed  1  mile 
northwest  of  Bladon  Springs,  on  the  road  to  Barrytown,  near  or  at 
the  top  of  the  Hatchetigbee.  Small  clay  pebbles  are  present  in  the 
lower  part  of  a  6-foot  bed  of  glauconitic  sand,  and  within  10  to  15 
feet  to  the  southeast  the  layer  of  pebbles  thickens  from  a  fraction  of  a 
foot  to  2  feet  and  the  pebbles  become  lai^er.  Still  farther  along  the 
bedding  the  clay  pebbles  and  boulders  compose  almost  the  entire  bed, 
but  the  clay  is  broken  into  irregular-shaped  masses  of  different  sizes 
and  has  a  worm-eaten  appearance.  The  *'worm  holes"  are  about 
half  an  inch  in  diameter  and  are  filled  with  fine  glauconitic  sand,  the 
matrix  of  the  pebbles.  Similar  conditions  are  seen  for  100  feet  to 
the  south  and  for  a  quarter  of  a  mile  to  the  northeast.  It  is  signifi- 
cant that  these  clay  pebbles  and  boulders  occur  at  or  near  the  contact 
of  the  Hatchetigbee  with  the  TaUahatta  buhrstone  and,  although  there 
is  no  convincing  evidence  of  an  unconformity  between  them,  Shallow 
water  with  shifting  currents  must  have  prevailed  here  near  the  end 
of  Hatchetigbee  time. 

The  outcrops  of  the  Hatchetigbee  are  confined  to  two  areas. 
(See  PI.  XXVI.)  One  extends  from  a  point  a  short  distance  south 
of  Jackson  Creek  northwestward  almost  to  Silas;  this  area  of  out- 
crop lies  along  the  crest  of  the  Hatchetigbee  anticline.  The  other 
area  extends  from  a  point  near  Bassett  Creek,  3  miles  southeast  of 
Jackson,  southward  nearly  to  Oven  Bluff,  on  Tombigbee  River;  this 
area  lies  along  the  east  side  of  the  Jackson  fault.  Were  it  not  for  this 
fold  and  fault,  the  Hatchetigbee  formation  would  be  nprmally  from 
400  to  600  feet  below  the  surface. 

QLASBOBHE  OBOXTP. 
TALLAHATTA  BUHR8TONB. 

The  TaUahatta  buhrstone  immediately  overlies  the  Hatchetigbee 
formation  and  when  unweathered  is  in  sharp  lithologic  contrast  with 
the  Hatchetigbee  as  well  as  with  the  upper  Claiborne  formations 
(Lisbon  and  Gosport)  above.  It  consists  of  a  fairly  uniform  series  of 
claystones,  glauconitic  sandstones,  and  subordinate  beds  of  clay  and 
sand.    Its  most  conspicuous  features  are  its  color  and  induration. 
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The  imweathered  Tallahatta  is  light  gray,  greenish  gray,  or  rarely, 
where  the  beds  are  highly  glauconitic,  bright  green;  it  weathers  to 
form  deep-red  or  orange-colored  clay  and  sandy  clay,  which  are 
practically  indistinguishable  from  the  weathered  clays  of  the  Lisbon 
above.  The  formation  is  separated  from  those  overlying  and  under- 
lying it  on  the  basis  of  its  lithology,  particularly  its  degree  of  indura- 
tion, which  is  much  greater  than  that  of  the  beds  above  and  below  it, 
causing  its  beds  to  stand  up  prominently. 

In  detail,  this  formation  consists  of  medium  to  thin  bedded  light- 
gray,  greenish-grayj  or  green  indiu-ated  clay  or  claystone  alternating 
with  medium  to  coarse  grained  glauconitic,  in  part  highly  argilla- 
ceous sandstone  and  indurated  sandy  clays.  It  is  in  general  highly 
siliceous,  noncalcareous,  and  without  conspicuous  carbonaceous  beds. 
The  claystones  are  in  the  main  hard,  dense,  micaceous,  and  greenish 
gray  when  fresh;  they  ring  when  struck  with  a  hammer  and  break 
with  a  conchoid  al  fractiu-e.  On  weathering  they  become  softer  and 
gray  or  light  gray  and  finally  form  red  plastic  clay.  Fresh  beds  of 
claystone  commonly  show  at  right  angles  to  the  bedding  two  sets  of 
conspicuous  joints  which  cause  them  to  break  up  into  irregular  rec- 
tangular fragments.  There  are  all  gradations  from  claystones  to 
sandstones  of  coarse  grain.  Many  of  the  sandstones  are  highly  glau- 
conitic, clayey,  and  exceptionally  f ossiliferous.  In  many  of  the  rocks 
sand  and  clay  are  irregularly  distributed ;  thus  there  are  small  masses 
of  piu-e  sand  and  masses  of  pure  clay  in  the  same  rock.  Clay  galls,  or 
indiu-ated  pebbles  of  clay,  are  common  in  the  sandstones.  On  weath- 
ering the  slabby  layers  of  sandstone,  particularly  in  the  upper  part 
of  the  formation,  develop  on  their  imder  sides  irregularly  branching 
tubular  markings  that  are  probably  of  concretionary  origin,  although 
some  of  them  have  the  appearance  of  organic  remains. 

An  interesting  feature  of  this  formation  is  the  amount  of  silifica- 
tion  that  it  has  imdergone.  This  is  seen  not  only  in  the  induration 
of  the  original  clays  and  sands  to  claystones  and  sandstones  but  also 
in  the  formation  of  veins  of  laminated  agate  and  quartzitic  dikes. 
The  laminated  agate  is  abxmdant  on  the  Jackson-Coffeeville  road 
near  J.  A.  Bolen's  house  and  on  the  old  Bladon  Springs-CuUomburg 
road  about  halfway  between  those  towns.  Dikes  of  quartzite  were 
foimd  on  Souwilpa  Creek  at  White  BlufiE,  a  few  miles  below  Silas, 
where  they  trend  due  north  and  dip  about  85°  E.  The  material  on 
the  two  sides  of  the  dikes  is  essentially  the  same,  and  along  the  strike 
the  quartzite  of  the  dikes  grades  into  the  country  rock.  It  is  evident 
that  the  dikelike  bodies  of  quartzite  were  formed  from  the  silification 
of  the  material  inclosed  between  two  parallel  joints.  To  judge  from 
the  piles  of  scraps  of  this  material  near  by  and  the  number  of  arrow 
heads  made  of  it,  the  Indians  used  it  extensively.  Similar  dikes  were 
seen  in  a  deep  branch  flowing  into  Bassett  Creek  from  the  south  about 
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3  miles  southeast  ol  Jackson.  Here  the  dikes  are  almost  vertical  and 
trend  N.  70^-80^  E. 

North  and  northwest  of  Jackson  the  outcrops  of  the  Tallahatta 
entirely  siuroimd  those  of  the  Hatchetigbee  and  extend  from  a  point 
south  of  Jackson  Creek  northwestward  almost  to  Silas;  a  small  dis- 
connected area  of  the  Tallahatta  is  foimd  near  the  head  of  Stave 
Creeky  and  a  narrow  belt  of  it  extends  from  a  p6int  2  miles  east  of 
Jackson  southward  to  the  Lower  Salt  Works.  (See  PI.  XXVI.) 
Owing  to  the  superior  hardness  of  this  formation,  the  area  of  its  out- 
crop is  exceptionaDy  rough  and  hilly,  particularly  between  Santa 
Bogue  and  Turkey  creeks,  west  of  Tombigbee  River,  and  along 
Jackson  Creek  on  the  south. 

Smith  gives  300  feet  as  the  minimum  thickness  of  this  formation, 
an  estimate  which  the  writer  considers  too  large  for  this  area.  No 
locality  was  foimd  where  the  total  thickness  of  the  Tallahatta  could 
be  directly  measured,  but  from  the  width  of  its  outcrop  and  its  rate 
of  dip  it  is  believed  to  have  a  maximimi  thickness  of  not  more  than 
200  feet  in  the  northern  part  of  this  area  and  about  20  feet  in  the 
southern  part,  near  the  Lower  Salt  Works.  Although  this  formation 
would  be  expected  to  thin  to  the  south,  away  from  the  source  of  the 
sediments,  the  marked  amount  of  thinning  may  be  in  part  due  to 
the  absence  of  induration  in  the  lower  beds,  which  caus&s  them  to  be 
grouped  with  the  imderlying  formation,  the  Hatchetigbee. 

The  Tallahatta  conformably  overlies  the  Hatchetigbee,  and  there 
is  generally  a  gradual  transition  from  one  to  the  other,  as  shown  in 
the  Hatchet^bee  BluflF,  although  shallow-water  conditions  with 
shifting  currents  prevailed  at  some  places  during' the  transition 
epoch.  (See  p.  289.)  The  relation  of  the  Tallahatta  to  the  over- 
lying Lisbon  is  not  clearly  revealed,  and  at  one  place,  at  least,  there 
is  evidence  of  an  unconformity  between  them  or  of  marked  irregu- 
larities in  deposition,  which  have  not  been  observed  within  the  Talla- 
hatta. In  the  south  bluflf  of  Souwilpa  Creek,  in  the  SW.  J  NW.  J 
sec.  32,  T.  10  N.,  R.  3  W.,  2  miles  northeast  of  Silas,  is  a  well- 
exposed  section  of  the  top  of  the  Tallahatta  and  the  base  of  the  Lis- 
bon. The  beds  of  claystones  tod  sandstone  In  the  lower  part  of 
the  bluff  are  cut  by  at  least  three  faults  ( ?),  which  cause  the  beds  on 
the  two  sides  to  dip  in  opposite  directions  at  different  angles.  These 
f  aults(  ?)  and  associated  joints  do  not  appear  to  traverse  a  hard  mas- 
sive bed  above,  which  overlies  horizontally  beds  that  appear  to  dip 
as  much  as  18®.  The  differences  in  the  dip  of  the  beds  near  the  base 
of  the  bluff  afford  the  most  conspicuous  evidence  of  faults  of  con- 
siderable magnitude,  but  these  differences  may  be  explained  as 
extreme  cases  of  cross-bedding,  although  numerous  joints  and  one  or 
two  small  faults  are  clearly  recognizable. 
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LISBON  FORMATIOX  AND  GOSPORT  fiAlH). 

In  this  report  the  Lisbon  formation  and  Gosport  sand  are  not  sepa- 
rately mapped  because  they  are  UthologicaUy  so  similar  that  in  the 
absence  of  good  exposures  they  are  separated  with  difficulty  and 
because  the  Gosport  is  too  thin  to  be  shown  on  the  scale  of  the 
accompanying  map.  As  a  whole  these  formations  consist  of  glau- 
conitic  sands;  clays,  and  sandy  clays  containing  a  rich  fauna  of  marine 
shells.  The  highly  glauconitic  character  of  the  materials  causes 
them  to  weather  to  a  bright  yellow  or  red  color,  which  is  one  of  their 
characteristics.  This  weathered  material  is  at  places  distinguished 
with  difficulty  from  the  red  terrace  sands  that  commonly  overHe  it. 
The  softness  of  these  formations  and  the  ease  with  which  they  weather 
leads  to  the  development  of  a  hilly  country  with  gentle  slopes  over 
the  area  of  its  outcrop. 

The  Lisbon  formation  in  the  northwestern  part  of  the  area  consists 
of  glauconitic  sand  and  clay,  with  prominent  beds  of  oysters  in  its 
upper  part  and  scattered  beds  of  light-gray  indurated  marl,  calca- 
reous sandstone,  gray  to  yellow  micaceous  spongy  clay,  and  medium 
to  coarse  grained  glauconitic  sands  replete  with  shells.  In  a  few 
localities  the  upper  beds  are  carbonaceous  and  contain  scattered 
crystals  of  gypsum.  The  beds  of  Ostrea  seUaeformis,  the  highly  glau- 
conitic character,  and  the  deep-red  color  on  the  weathered  surfaces 
are  the  chief  characteristics  of  the  formation.  Ostrea  seUaeformiSj 
shown  on  Plate  XXVII,  is  the  common  diagnostic  fossil  by  which 
the  formation  may  be  recognized  and  traced  from  plac«  to  place. 
The  general  character  of  the  Lisbon  in  the  northwestern  part  of  the 
area  is  shown  in  the  following  section: 

Partial  section  of  Lisbon  formation  and  overlxfing  »and  4  miles  west  of  GUbertotim,  mar 

center  of  sec,  SS,  T,  11  N.,  R,  4  W, 
Top  of  hill.  Feet. 

Terrace  sand  (probably  Citronelle):  Sand,  bright  yellow  to  red, 

argillaceous 60 

Lisbon  formation: 

Sand  and  clay  laminated,  gray  to  bxown,  in  part  ca^bonaceouB, 

weathering  red 15 

Clay,  spongy,  grayish  yellow,  sandy 12 

Sand,  highly  glauconitic 6 

Marl,  more  or  less  indurated,  gray,   glauconitic;  oysters  and 

pectens  abundant  in  certain  layers 10 

Sand,  calcareous;  oysteza  abundant 2 

Sand,  indurated,  calcareous,  packed  with  Ostrea  sellaeformis 
and  other  fossils 2 

107 

At  a  number  of  places  in  the  northwestern  part  of  the  area  beds  of 
carbonaceous  clay  and  sand  are  present  in  the  upper  part  of  the 
formation,  above  some  of  the  prominent  beds  of  oysters,  as  in  the 
foregoing  section. 
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The  Lisbon,  which  is  typically  developed  in  the  northwestern 
part  of  the  area,  thins  conspicuously  toward  the  southeast;  it  main- 
tains its  Uthologic  characteristics  to  a  point  a  short  distance  south  of 
Bassetts  Creek,  near  Jackson,  but  beyond  that  it  is  not  separable, 
on  the  basis  of  the  present  work,  from  the  overlying  Gosport,  both 
formations  having  become  much  thinner  and  more  calcareous.  The 
following  composite  section  shows  the  greater  part  of  the  Lisbon 
and  Gosport  formations  in  the  extreme  southeastern  part  of  the  area : 

Partial  section  of  Hatchetigheej  TallahatUif  Lisbon^  and  Gosport  {Informations  at  Lower 

Salt  WbrlSf  near  Oven  Bluffs  Clarke  County ,  Ala, 

Section  measored  on  hill  slope  aboTe  Lower  Salt  Works. 

Top  of  hilL 

Gosport  (?)  and  Lisbon  formations:  Feet. 

Marl,  sandy,  highly  calcareous 8 

Clay  marl,  sandy,  gray  to  yellow 5 

Limestone,  hard,  impure;  casts  of  shells  abundant 1 

Marl,  sandy,  in  part  indurated 7 

Sand,  highly  glauconitic,  much  weathered 7 

Sandstone,  hard,  calcareous 1 

Marl,  gray,  indurated,  glauconitic;   contains   pectens   and 

Orhitoides 4 

Tallahatta  buhrstone:  Claystone  or  indurated   clay,   typical  of 

Tallahatta 1&-20 

Section  meaanred  on  old  road  one-fonith  mile  nortli-nortlieaat  of  Lower  Salt  Works. 

Hatchetigbee  formation :  Sand  and  clay,  lignitic 45 

Limestone  Creek  flat. 

The  conspicuous  beds  of  oysters  found  farther  north  are  absent 
here.  Plastic  clay,  which  looks  like  the  weathered  clay  member  of 
the  lower  Jackson,  is  poorly  exposed  a  short  distance  above  the  top 
of  this  section. 

The  Grosport  sand  consists  of  10  to  15  feet  of  medium  to  fairly 
coarse-grained,  highly  glauconitic  sand  with  subordinate  layers  of 
clay  below  and  from  a  few  feet  to  10  or  15  feet  of  light-gray  indurated 
glauconitic  sandy  marl  and  marly  hmestone  above.  This  sandy 
marl  may  properly  belong  to  the  Jackson  formation.  The  glauconitic 
sand  is  characteristic  of  the  beds  from  the  northwestern  part  of  the 
area  southeast  as  far  as  Jackson,  but  farther  south  it  is  not  definit&ly 
recognized.  The  indurated  marl  has  a  thickness  of  only  1  or  2  feet 
in  the  northwestern  part  of  the  area  but  increases  to  a  maximum  of  12 
to  15  feet  near  Jackson  to  the  southeast.  This  marl,  because  of  its 
lithology,  its  position  between  greensand  below  and  greenish-gray 
plastic  clay  above,  and  its  pecuUar  fossils,  is  a  valuable  key  bed  which 
can  be  easily  traced  over  the  entire  area.  The  Gosport  san^  is 
characterized  by  a  profusion  of  fossil  shells  among  which  may  be 
mentioned  Periarchus  lyeHi.     (See  PL  XXVIII.) 


PERIMCHU5  LVELLI  (CONRA01,  A  CHARACTERISTIC  FOSSIL  OF  THE  UPPER  CLAtSORNE. 
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The  Lisbon  and  Gosport  formations  practically  encircle  the  Hatche- 
tigbee  uplift  (see  PL  XXVI) ;  at  its  northwest  end  they  form  a  broad 
belt  that  extends  from  a  point  near  Silas  ahnost  to  the  Mississippi  State 
line;  and  on  the  southeast  they  continue  on  the  east  side  of  the 
Jackson  fault  to  the  Lower  Salt  Works  but  with  much  diminished 
thickness.  The  thickness  of  these  formations  decreases  from  a 
maximum  of  probably  200  feet  near  Silas  to  about  125  or  160  feet 
near  Pevey's  Landing,  on  Tombigbee  River;  about  80  or  100  feet  3 
miles  southeast  of  Jackson;  and  about  40  to  50  feet  at  the  Lower 
Salt  Works.  Dr.  Smith  ^  has  suggested  that  this  pronounced  thin- 
ning of  the  TaUahatta  and  higher  Claibome  formations  is  due  to  the 
uplifting  of  the  southern  part  of  this  area  during  part  of  the  time 
that  beds  were  being  deposited  ekewhere  in  the  area.  The  writer 
believes  that  this  was  not  the  case,  but  that  all  the  formations  are 
present  in  the  southern  part  of  the  area  with  diminished  thickness. 

No  imconformities  have  been  recognized  either  at  the  top  or  at 
the  base  of  the  Lisbon  and  Gosport.  The  transition  between  these 
formations  is  gradual  and  complete. '  A  marked  change  in  the  Uthol- 
ogy  appears  at  the  base  of  the  Lisbon,  where  it  rests  on  the  non- 
calcareous  indurated  claystones  and  sandstones  of  the  TaUahatta. 
Likewise,  there  is  a  sharp  change  in  the  lithology  from  the  indurated 
marl  at  the  top  of  the  Gosport  to  the  plastic  greenish-gray  clay  of 
the  lower  Jackson. 

JACKSOir  FOSlCATZOir. 

The  name  *'St.  Stephens  limestone"  was  formerly  applied  to  the 
dominantly  calcareous  marine  deposits  of  Alabama,  which  imme- 
diately overlie  the  Claibome  group,  and  were  considered  the  equiva- 
lent of  the  Jackson  and  Yicksburg  formations  of  Mississippi. 
Vaughan^  and,  later,  Cooke'  suggested  that  these  Mississippi  for- 
mations could  be  recognized  in  Alabama;  and  Cooke,^  as  the  result 
of  his  faunal  and  stratigraphic  studies,  has  definitely  recognized  those 
formations  in  this  area,  la  western  Alabama  the  name  Jackson  for- 
mation is  appUed  to  the  lower  100  to  125  feet  of  the  '*St.  Stephens," 
which  has  a  total  thickness  of  325  to  350  feet,  and  the  name  Yicks- 
burg group  to  the  overlying  100  to  130  feet.  The  upper  80  to  90 
feet  is  represented  by  the  ''Coral  limestone''  at  Salt  Mountain.  The 
original  nanie,  "St.  Stephens  limestone,"  has  therefore  been  aban- 
doned. 

^  Smith,  E.  A.,  informal  communication. 

>  Vaughan,  T.  W.,  in  Willis,  Bailey,  Index  to  the  stratigraphy  of  North  America:  U.  S.  Qeol.  Survey 
Prof..  Paper  71,  pp.  738,  739, 1912. 

s  Cooke,  C.  W.,  The  age  of  the  Ocala  limestone:  U.  S.  Geol.  Sarvey  Prof.  Paper  05,  pp.  108  (footnote),  115, 
1015. 

« Cooke,  C.  W.,  unpublished  notes. 
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The  Jackson,  as  here  recognized,  coixaists  of  four  well-defined  and 
easily  recognized  lithologic  units,  as  follows: 

SuhdiviHont  of  Jachonformaiioh, 

4.  Clay,  light  greenish  gray,  calcareoiifi,  plastic,  with  Bznall  white    Feet, 
chalky  limestone  concretions 8-20 

3.  "Zeuglodon  bed":  Marl,  light  gray,  indurated,  sandy,  glauco- 
nitic,  weathering  yellow,  characterized  by  large  Zeuglodon 
bones,  j4^uru7a/a&am«nm  (commonly  called  "knees"),  Pecten 
perplanus^  echinoids,  shark  teeth ,  and  fish  vertebrae 8-15 

2.  Sand,  medium  5ne  grained,  calcareous,  in  part  azgillaceous, 
grading  into  clay  below,  greenish  gray  when  fresh  and  weath- 
ering grayish  yellow  to  brownish  yellow.  4 20-30 

1.  Clay,  blui^  green  or  greenish  gray,  plastic,  lumpy,  calcareous, 
in  part  micaceous  and  sandy;  weathers  olive-green  or  gray- 
ish yellow  and  finally  to  black  sticky  prairie  soil;  contains  in 
places  small  chalky  limestone  concretions 30-50 

The  lower  day  (No.  1  of  the  section)  is  massive  and,  in  its  upper 
part,  micaceous  and  sandy,  grading  into  the  sand  above;  when  wet 
and  fresh  it  is  exceedingly  slippery.  In  appearance  it  resembles 
the  day  at  the  top  of  the  Jackson  (No.  4  in  above  section),  but  the 
two  clays  may  be  distinguished  by  slight  differences  in  lithology, 
by  the  difference  in  thickness,  and  particularly  by  the  difference 
in  the  underlying  and  overlying  beds.  This  day  has  a  maximiun 
thickness  of  about  50  feet  in  the  nDrthwestem  part  of  the  area  and 
thins  toward  the  southeast  to  about  20  or  30  feet  south  of  JacksoiL 

No.  2  of  the  section  consists  of  micaceous,  dayey  sand.  Its  uni- 
form medium-fine  grain,  its  brownish  rather  than  bright-yeflow  or 
orange  color,  and  its  calcareous  nature  make  it  readily  distinguish- 
able, even  on  weathered  surfaces,  from  the  more  rec^it  terrace  sands. 

The  *' Zeuglodon  bed,"  No.  3  of  the  section,  is  easily  recognized 
because  of  its  uniform  character  over  the  area,  its  position  above 
beds  of  sand  and  below  beds  of  plastic  greenish-gray  clay,  and  the 
presence  of  the  characteristic  fossils  Aturia  alabamensisj  Pecten  pet- 
planus,  and  Zeuglodon  vertebrae.  (See  PL  XXVII.)  This  marl  has 
a  fairly  uniform  thickness  of -8  to  15  feet  over  the  entire  area. 
Being  harder  than  the  associated  beds,  it  is  fairly  well  exposed  and 
serves  well  as  a  key  rock.  Itsputcrop  is  marked  at  many  places  by  a 
bdt  of  cedars.  It  contains  at  a  few  places  thin  lenticular  masses  of 
bituminous  material,  which  closdy  resembles  inspissated  petroleum. 

The  day  at  the  top  of  the  Jackson  (No.  4  of  the  section)  is 
lithologically  similar  to  that  at  the  base,  but  is  thinner  and  more 
sandy  and  limy.  It  is  not  known  to  contain  any  characteristic 
fossils,  but  its  surface  is  commonly  strewn  with  shells  of  Ostrea 
vickahurgensis  (see  PI.  XXVTI),  which  weather  out  of  the  beds 
near  the  base  of  the  Red  Bluff  day  above.  The  presence  of  these 
shells  scattered  over  its  surface,  of  the  indurated  marl  bdow,  and 
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of  the  characteristic  Red  Bluff  beds  above  makes  this  day  easily 
recognized  over  the  entire  area.  It  thins  from  about  20  feet  in  the 
northwestern  part  of  the  area  to  about  8  or  10  feet  southeast  of 
Jackson. 

Although  these  lithologic  divisions  of  the  Jackson  are  partly  exposed 
at  many  places  in  this  area,  there  are  few  places  where  practically 
the  entire  section  is  as  well  exposed  as  on  Willow  Branch. 

Section  an  Willow  Branch  4  miles  southwest  of  Silas y  on  road  to  Fail.^ 


SecdoB  iBMUMired  on  wmUiweat  aide  of  branch. 

Hilltop.  Feet 

Cltronelle  formation:  Sand,  orange-colored,  argillaceous  in  part; 

some  beds  of  slabby  ferruginous  sandstone 60 

Jackson  formation: 

Clay,  light  greenish  gray,  highly  calcareous,  plastic,  sandy 

and  glauconitic  in  lower  part,  weathering  red 20 

Marl,  light  gray,  indurated,  sandy,  glauconitic,  containing 

hard  ledges  below  and  becoming  clayey  above 15 

Sand,  medium  grained,  argillaceous,  weathering  bright  yel- 
low to  orange-colored  and  leaching  gray 20 

Sandy  marl,  grayish  yellow,  grading  to  plastic  green  clay  below    10 
Clay,  light  grayish  green,  plastic,  with  numerous  small  con- 
cretions of  chalky  limestone 48 

Section  meaaored  on  nortlieaal  aide  of  branch. 

Grosport  sand  (possibly  includes  part  of  the  Lisbon  formation 
below): 
Marl,  grayish  yellow,  indurated,  glauconitic,  sandy,  forming 

prominent  ledge  ' , .  IJ 

Marl,  brownish  yellow,  weathered,  glauconitic,  sandy,  con- 
taining casts  of  shells 7 

Greensand  marl,  dark  greenish  gray 3) 

Sand  and  day,  laminated,  glauconitic  in  upper  part 7 

Sand,  greenish  black,  replete  with  sheUs 2 

Clay,  dark,  carbonaceous,  hackly 5 

Sand,  weathered,  aigillaceous,  glauconitic 1 

Sand,  medium  grained,  bright  brownish  yellow,  weathered 

glauconitic 8 

Bottom  of  Willow  Branch  a  few  feet  below.  

208 

The  outcrops  of  the  Jackson  formation  completely  encircle  the 
Hatchetigbee  uplift,  like  those  of  the  Gosport,  Lisbon,  and  Talla- 
hatta,  and  extend  from  a  point  near  Salt  Creek,  north  of  Jackson, 
northwestward  into  Mississippi.  To  the  southeast  the  outcrop  is 
considerably  narrower  than  to  the  northwest,  and  at  the  south- 
east end  of  this  uplift  it  is  offset  by  the  Jackson  fault.  (See  p.  305.) 
On  the  east  side  of  the  fault  the  beds  continue  to  the  southeastern 
part  of  the  area,  whereas  on  the  west  side  only  one  small  area  of 

1  See  also  section  by  Cooko,  C.  W.,  op.  dt.,  p.  116. 

I  Tills  bed  may  properly  belong  to  the  Jackson  formation. 

69812<»— Bull.  661—18 ^20 
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outcrop  is  known,  near  Bassetts  Creek,  southeast  of  Jackson.  In 
tliese  areas  underlain  by  the  Jackson  formation  the  exposures  are 
fairly  numerous  along  stream  channels  but  are  concealed  at  most 
places  in  the  uplands.  The  best  exposures  are  found  (1)  at  Willow 
Branch  (see  section,  p.  297) ;  (2)  along  the  road  leading  from  Pevey's 
Landing  to  Bigbee;  (3)  in  the  bluffs  at  the  road  crossing  of  both 
branches  of  Ulkinask  Creek,  3  to  4  miles  north  of  Coffeeyille;  (4) 
on  J.  A.  Bolen's  place  in  sec.  31,  T.  8  N.,  R.  2  E.,  1^  miles  northwest 
of  McVey;  and  (5)  2i  miles  north  of  Jackson.  Other  exposures  are 
marked  by  a  cross  on  Plate  XXVI. 

The  Jackson  formation  becomes  more  calcareous  from  the  western 
part  of  the  area  eastward;  near  the  Lower  Salt  Works,  south  of  Jack- 
son, the  upper  part  of  the  formation  is  dominently  calcareous,  and 
still  farther  east,  in  Florida,  the  beds  of  Jackson  age  are  named 
Ocala  limestone.^  The  beds  of  Jackson  age  in  the  southeastern 
part  of  this  area  are  intermediate  in  character  between  the  typical 
Jackson  of  the  section  described  above  and  the  typical  Ocala. 

Within  this  area  the  Jackson  rests  conformably  upon  the  Gosport 
sand  and  is  overlain  conformably  by  the  Vicksburg  group. 

VICBBBXr&O  OKOITP. 
SUBDIVISIONS. 

The  Vicksburg  group  in  this  area  comprises  100  to  130  feet  of  what 
was  formerly  called  the  ''St.  Stephens  limestone '^  and  includes  the 
following  divisions: 

Marianna  limestone: 

Glendon  limestone  member. 

Soft  chalky  limestone  called  ''chimney  rock." 
Ked  Bluff  clay. 

The  whole  of  this  group  is  dominantly  calcareous  with  the  excep- 
tion of  its  basal  formation,  the  Red  BluflF  clay.  Its  upper  limit  is 
not  well  marked,  as  it  is  in  contact  with  alternating  soft  and  hard 
layers  of  limestone,  the  ''Coral  limestone";  its  base  is  equally  indis- 
tinct, as  it  is  underlain  by  similar  marine  deposits.  Studied  in  de- 
tail, however,  this  group  is  easily  separated  in  this  area  from  the 
underlying  Jackson,  which  composes  the  lower  part  of  the  "St. 
Stephens  limestone." 

BBD  BLX7FF  CLAT. 

The  Red  Bluflf  clay,  so  named  from  its  exposure  in  the  bluffs  of 
Chickasawhay  River  near  Hiawannee,  Miss.,'  is  the  most  variable 
formation  of  the  Vicksburg  group,  both  in  thickness  and  in  lithology. 
In  general  it  consists  in  its  lower  part  of  10  to  20  feet  of  glauconitic 

1  Cooke,  C.  W.,  Tho  age  of  the  Ocala  limestone:  U.  S.  Qeol.  Survey  Prof.  Paper  05,  pp.  107-117, 1915. 
s  Low«,  E.  N.,  Mississippi:  its  geology,  geography,  soils,  and  mineral  resouroes:  Mississippi  GmI.  Sarrqj 
BuU.  12,  p.  86, 1915. 
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clay,  marl|  and  marly  limestone,  with  very  abundant  shells,  particu- 
larly Ostrea  vicJcsburgensis  and  Spondylus  dumosua  (see  PL  XXVII) ; 
in  its  upper  part  it  consists  of  20  to  30  feet  of  plastic  greenish-gray 
clay,  much  like  the  lower  clay  of  the  Jackson  when  unweathered 
but  highly  gypsiferous  and  in  places  sandy;  and  dark  carbonaceous 
clays  in  general  not  fossiliferous  or  only  slightly  so.  This  general 
succession  of  beds  is  shown  in  the  following  section: 

Section  along  roadfrom  MiUry  to  CuUomburg,  near  the  north  line  ojuc,  9,  T.  8  N,^  R,  S  TT.i 

Terrace  sand  to  hilltops. 

Bed  Bluff  clay:  Feet. 

Clay,  greenish  gray,  gypsiferous,  with  thin  ferruginous  beds; 

weathers  yeUow  and  red 30 

Marl,  light  gray,  indurated  in  layers;  Ostrea  vick^urgensis 
very  abundant -. 10 

Jackson  formation: 

Clay,  light  gray  to  greenish  gray,  plastic 12 

Marl,  light  gray,  indurated ;  contains  Pecten  perplanut 12 

Sand,  medium  fine  grained,  yellow,  to  foot  of  hill 10+ 

74 

In  the  south  bluflf  of  Ulkinask  Creek,  m  the  NW.  i  sec.  33,  T.  10  N., 
R.  1 W,,  is  exposed  a  section  almost. identical  with  the  one  given  above. 
At  St.  Stephens  Bluff,  on  Tombigbee  River,  however,  the  formation 
is  much  thinner  and  consists  largely  of  thin  alternating  beds  of  hard 
and  soft  marl  and  marly  limestone.  In  this  locaUty  the  entire  forma- 
tion is  not  exposed  at  one  place,  and  its  total  thickness  is  not  accu- 
rately known,  although  it  is  probably  not  more  than  20  to  30  feet. 
(See  section  at  St.  Stephens  Bluff,  p.  300.)  Farther  southeast  the 
formation  becomes  more  calcareous  and  merges  into  the  overlying 
"chimney  rock;"  at  Oven  Bluff,  on  Tombigbee  River,  the  transition 
is  complete. 

The  Red  Bluff  crops  out  along  the  northeast  and  southwest  sides 
of  the  area,  but  because  of  its  softness  it  weathers  rapidly  and  is  m 
general  poorly  exposed.  It  is  easily  distinguished  from  the  Jackson, 
which  it  resembles  lithologically,  by  its  more  ferruginous  character, 
which  causes  it  to  weather  yeUow  or  red;  by  its  content  of  gypsum; 
and  by  the  presence  of  such  fossils  as  Ostrea  vicJcsburgensis  and 
Spondylus  dumosus.     (See  PL  XXVII.) 

MAKIANNA  LIMX8TONE. 

The  Marianna  limestone  derives  its  name  from  Marianna,  Fla., 
where  it  consists  of  soft,  porous  light-gray  to  white  hmestone,  with 
subordinate  beds  of  marl  and  chert.^    This  formation  extends  west- 

1  This  may  be  the  locaUty  where  Cooke  measured  a  section.  (See  Cooke,  C.  W.,  The  age  of  the  Ocala 
Umestone:  U.  8.  Qeol.  Survey  Prof.  Pi^r  95,  p.  lie,  1015.) 

>  llatson,  O.  C,  and  Clapp,  F.  Q.,  A  preUminary  report  on  the  geology  of  Florida;  Florida  Geol.  Survey 
Second  Ann.  Rept.,  pp.  61-W,  1900.  Ilataon,  O.  C,  and  SanJord,  Samnel,  Geology  and  underground 
wMen  of  Florida:  U.  8.  Geol.  Survey  Water-Bupply  Paper  310,  pp.  7^70, 1013« 
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ward  across  Alabama  into  Mississippi^  but  in  its  western  area  the 
upper  part  of  the  formation  contains  beds  of  hard,  cavernous  lime- 
stone which  have  been  named  the  Glendon  limestone  member.*  The 
Marianna  limestone  of  this  area  includes  65  to  75  feet  of  soft,  jwrous 
light^gray  to  white  chalky  limestone,  locally  called  the  "chimney 
rock,*'  overlain  by  12  to  15  feet  of  hard,  semicrystalline,  rough,  cav- 
emous  limestone  (Glendon  limestone  member),  locally  termed 
"horsebone."  These  two  divisions  contain  the  most  easily  recog- 
nized beds  of  the  area.  The  '*  chimney  rock"  has  been  widely  quar- 
ried for  building  stone ;  when  damp  it  is  soft  and  easily  cut  with  a  saw, 
but  on  drying  it  hardens  so  as  to  make  a  fairly  durable  rock  for 
chimneys  and  foundations. 

The  upper  part  of  the  "chimney  rock''  and  the  Glendon  member 
are  well  exposed  at  Glendon,  a  flag  station  on  the  Southern  Railway 
east  of  Jackson,  the  type  locaUty  of  the  Glendon  member.  Here 
about  15  feet  of  Glendon  Umestone,  of  typical  "horsebone"  appear- 
ance, overlies  an  equal  thickness  of  soft  chalky  limestone,  composed 
in  some  beds  of  masses  of  Orbiioides  (thin,  round,  flat  shells  from  three- 
fourths  to  1  inch  or  more  in  diameter).  The  most  extensive  expo- 
sures of  the  Marianna  are  found  in  St.  Stephens  Bluff  and  neighboilDg 
bluffs  on  Tombigbee  River. 

Partial  geetion  of  Vickslyurg  group  and  Jachaon  formation  at  St.  Stephens  Bluff  (Loven 

Leap),  Tombigbee  River. 

Marianna  limestone;                                                                        Ft.  in. 
Limestone,  grayish  yellow,  hard,  cavernous  (Glendon  lime- 
stone member  or  "horaebone*') 13  6 

Limestone,  light  gray  to  white,  soft,  porous,  chalky,  with 
Pecten  pouleonif  Clypeaster  rogertiy  and  Orbitoidea  (''chim- 

neyrock**) 56  0 

Concealed  interval 16  6 

Red  Bluff  clay: 

Marl  and  limestone,  gray,  hard  and  soft  beds,  glauconitic. . .    6  4 

Limestone,  hard 1  0 

Clay,  greenish  gray,  glauconitic 9  8 

Marl,  light  gray,  indurated,  glauconitic 1  0 

JaclcBon  formation: 

Clay,  greenish  grey;  Pecten  perplanus  abundant 11  Q 

Marl,  ligiht  gray,  indurated,  hi^  nodular  layers;  Pecten  per- 

p2antt«  very  abundant  ("Z«t(^2odon  bed'') 10  0 

Water  level  in  Tombigbee  River.  

123  0 

The  ''chimney  rock"  contains  in  the  northeastern  part  of  the  area 
hard  limestone  ledges  1  foot  or  less  thick  at  intervals  of  6  to  8  feet 
throughout  its  thickness,  as  in  a  roadside  exposure  near  the  center  of 
the  NW.  i  sec.  18,  T.  8  N.,  R.  2  E.,  1{  miles  north  of  Winn. 

1  Cooke,  C.  W.,  znanoscript  awBtting  pubUcatlon  by  the  Mississippi  Oeol.  Bnrrey. 
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The  Marianna  limestone  crops  out  at  intervals  along  the  north- 
eastern and  eastern  parts  of  the  area  from  Oven  BluiS;  on  Tombigbee 
River,  to  Womack  Hill,  and  along  the  southwestern  and  western 
parts  from  Paynes  to  the  Mississippi  State  line.  (See  PL  XXVI.) 
The  two  divisions  of  this  formation  are  so  striking  lithologically 
that  they  can  be  clearly  recognized  in  this  area  without  the  aid  of 
fossils;  confusion  arises  only  in  its  southeastern  part,  near  Oven 
Bluff,  where  the  Red  Bluff  and  upper  Jackson  are  similar  in  appear- 
ance to  the  "chimney  rock/'  The  most  easily  recognized  character- 
istic fossils  of  the  Marianna  are  Peden  povlsoni,  Olypeaster  rogersif  and 
OrbUoides. 

"OOBAL  UMSSTOHB." 

The  name  ''Coral  limestone"  was  applied  by  Smith  and  Johnson  ^ 
to  the  uppermost  beds  of  what  they  termed  the  ''White  limestone" 
as  exposed  at  Salt  Motmtain,  Clarke  County,  including  the  Glendon 
limestone  member,  as  described  above,  and  the  overlying  limestone,  a 
total  of  about  150  feet  of  strata.  As  the  Glendon  has  been  found  to 
be  of  Marianna  age  and  also  to  be  unlike  the  beds  above  it,  the  term 
"Coral  limestone"  as  tentatively  used  in  this  report  is  applied  to 
the  limestone  beds  overlying  the  Glendon. 

At  Salt  Mountain  the  "Coral  limestone"  has* a  thickness  of  80  to  90 
feet  and  consists  of  alternating  hard  and  soft  beds  of  white  limestone, 
part  of  which  is  composed  largely  of  corals.  The  exposures  there  are 
not  good  and  no  detailed  section  was  made  of  this  formation.  Salt 
Mountain  is  the  only  locality  in  this  area  at  which  so  great  a  thickness 
of  this  formation  is  exposed.  « 

CATAH0I7I4^  SAVDSTOIIZ. 

The  Catahoula  sandstone  is  not  exposed  within  the  area  mapped 
(PI.  XXVI),  but  for  completeness  it  is  briefly  described,  as  it  crops 
out  a  short  distance  beyond  the  southwestern  limit  of  this  area, 
beyond  the  outcrop  of  the  Vicksburg  group  and  the  "Coral  limestone." 

This  formation  is  well  exposed  in  the  vicinity  of  Healing  Springs, 
Washington  County,  where  it  consists  of  gray  to  yellow  sands, 
gray  to  bluish-gray  clay,  and  indurated  clay,  and  in  the  neighboring 
region,  where  it  contains  fine  conglomerate,  sandstone,  and  quartzite 
in  addition.  In  this  region,  according  to  Matson,'  the  Catahoula 
has  a  thickness  of  probably  less  than  200  feet.  It  is  nonmarine  and 
unfossiliferous,  except  for  a  few  fresh-water  shells  and  plant  remains, 
and  is  easily  separable  from  the  marine  beds  of  the  Vicksburg  group 
below. 

1  Smith,  E.  A.,  and  Johoson,  L.  C,  Tertiary  and  Cretaoeoos  strata  of  the  Tuacalooaa,  Tombigbee,  and 
Alabama  riyers:  U.  8.  Oeol.  Survey  Bull.  43,  pp.  18-20, 1887. 
*  KataoD,  G.  C,  The  Catahoula  sandstone:  U.  S.  Oeol.  Survey  Prof.  Paper  06,  p.  220, 1910. 
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After  the  deposition  of  the  Catahoula  sandstone  there  was  a 
period  during  which  no  sediments  were  laid  down  in  this  region,  and 
those  that  had  been  formed  were  uplifted,  gently  folded,  and  exten- 
sively eroded.  Upon  the  eroded  surface  thus  produced,  which  was 
relatively  much  lower  than  the  present  surface,  terrace  sands  and 
gravels  were  deposited,  covering  in  large  measure  the  older  formations 
of  the  area.  In  general  the  uplands  are  covered  with  this  terrace 
formation,  and  only  in  the  stream  bottoms  and  along  their  bluffs, 
where  active  erosion  has  been  taking  place,  are  the  imderlying  forma- 
tions exposed.  South  of  the  latitude  of  Jackson  the  sands  and  grareb 
cover  progressively  more  of  the  area  until  they  pass  below  still  more 
recent  deposits,  whereas  to  the  north  they  cover  progressively  smaller 
areas  until  only  small  remnants  are  left  and  finally  disappear  entirely. 

These  deposits  were  formerly  named  ''Orange  sand"  and  later 
"Lafayette.''  Recently  the  name  Citronelle  formation^  has  been 
applied  to  those  terrace  deposits  of  Pliocene  age  which  range  in  alti- 
tude in  this  area  from  about  230  to  450  feet.  The  Citronelle  forma- 
tion includes  most  but  not  all  of  the  terrace  sands  of  the  area.  The 
highest  terrace  deposit  in  this  area  reaches  an  altitude  of  440  feet  and 
is  represented  by  a  few  scattered  remnants  of  sand,  gravel,  and  fer- 
ruginous sandstone  capping  high  hills.  The  most  extensive  terrace 
deposit  has  an  altitude  ranging  from  230  feet  near  Jackson  to  2S0 
or  290  feet  near  the  Mississippi  State  line.  A  still  lower  but  con- 
spicuous terrace  deposit  occurs  at  about  170  to  180  feet. 

The  materials  that  constitute  these  terrace  deposits  are  very  sim- 
Uar,  consisting  of  coarse  sand  and  gravel  below  and  fine  sand,  sandy 
clay,  or  loam  above.  In  general  the  sands  are  bright  red  or  orange 
colored  and  in  many  places  where  they  are  much  weathered  are  with 
difficulty  distinguished  from  the  sands  of  the  Claiborne  group. 
The  deposits  of  sand  and  gravel  are  more  extensively  developed  near 
Jackson  than  elsewhere  in  the  area. 

ALLXJVZnX. 

The  valley  of  the  Tombigbee  and  its  major  tributaries  is  broad  and 
flat,  and  much  of  the  lowland  along  the  river  and  within  5  miles  of  it 
is  between  30  and  60  or  80  feet  above  sea  level.  The  streams  that 
meander  through  these  lowlands  are  sluggish  and  during  periods  of 
overflow  deposit  a  large  percentage  of  the  silt  which  tiiey  hare 
carried  down  from  their  upper  courses,  where  the  gradient  is  higher. 
The  bearing  of  such  conditions  on  the  study  of  the  tmderlying  rocks 
is  evident:  Exposures  are  to  be  looked  for  in  the  bottoms  of  the 
small  streams  near  their  heads,  or  along  the  bluffs  of  the  larger  streams 

1  ICatson,  O.  C,  The  PUooene  CltroDelle  formaUaD  of  the  Oulf  Coastal  Plain:  U.  8.  GeoL  SarreyPni 
P^wr  ga,  pp.  168-109,  lOltt. 
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either  where  smaller  streams  have  cut  through  the  bluffs  or  where  the 
main  streams  themselves  in  meandering  flow  against  them. 

« 

STBTTCTT7BB. 
6ENEBAL  FEATT7RES. 

The  formations  of  the  Coastal  Plain  of  southern  Alabama  dip 
normally  to  the  south  or  southwest  at  a  gentle  rate  and  pass  progres- 
sively beneath  younger  formations  toward  the  coast.  This  simple 
structure  is  interrupted  in  the  area  near  Silas,  Bladon  Springs,  and 
Jackson  by  an  uplift  and  fault — the  Hatchetigbee  anticline  and 
Jackson  fault — ^which  disturb  the  normal  dip  and  succession  of  the 
rocks  and  bring  to  the  surf  ace  formations  elsewhere  deeply  buried. 
The  Hatchetigbee  anticline  exposes  the  Hatchetigbee  formation, 
which  would  be  normally  about  400  to  500  feet  below  the  surface  and 
causes  the  dip  on  its  northeast  side  to  be  reversed  in  direction  and 
on  its  southwest  side  to  be  increased  in  amount.  Had  this  up.ward 
fold  not  been  worn  down  by  long-continued  erosion  it  would  appear 
on  the  surface  as  a  relatively  high  but  well-rounded  ridge,  extending 
from  a  point  3  miles  north  of  Jackson  northwest  past  Bladon  Springs 
and  Silas  into  Mississippi.  The  crest  of  this  ridge  would  be  in  the 
position  marked  on  the  accompanying  map  (PL  XXVI)  ''Crest  of  the 
Hatchetigbee  anticline.'^  Erosion  has  reduced  this  upfold  or  anti- 
clinal ridge  to  the  level  of  the  surrounding  country  and  has  exposed 
the  imderlying  strata  down  to  the  Hatchetigbee  formation,  which 
represents  the  center  of  the  uplift. 

The  uplift  is  continued  beyond  the  southeast  end  of  the  Hatche- 
tigbee anticline  by  the  Jac£son  fault,  which  brings  to  the  surface 
along  its  east  side  the  same  formation  that  crops  out  along  the  crest 
of  the  anticline.  Other  folds  and  faults  that  are  subordinate  to  the 
major  anticline  and  fault  have  been  recognized  but  they  have  not 
been  outlined  in  detail. 

r 

HATCHETIGBEE  ANTICLINE. 

The  Hatchetigbee  anticline  is  a  broad,  gentle  rock  fold,  approxi- 
mately 50  miles  long  and  20  miles  broad,  which  extends  from  a  point 
2  miles  north  of  Jackson  in  a  N.  55°  W.  direction  past  Salitpa,  Bladon 
Springs,  and  Silas  into  Mississippi.  (See  PI.  XXVI.)  The  center  of 
the  uplift  is  outlined  by  the  outcrop  of  the  Hatchetigbee  formation, 
the  oldest  exposed  formation  in  the  area;  the  approximate  axis  of 
the  anticline  is  shown  on  the  accompanying  map.  The  general 
shape  and  size  of  the  anticline  are  indicated  by  the  outcrops  of  the 
Tallahatta,  Lisbon,  Gosport,  Jackson,  and  Vicksburg  formations, 
which  encircle  the  outcrop  of  the  Hatchetigbee  formation  and  for- 
merly arched  over  it*    (See  cross  section  B-B'  on  PL  XXVI.) 
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The  antidme  is  asymmetric;  it  has  steeper  dips  on  its  southwestern 
side  than  on  its  northeastern.  Its  southeast  end  is  abmpt,  owing 
to  the  presence  of  the  Jackson  fault  and  probably  of  an  unmapped 
fault  at  right  angles  to  the  fold,  llie  axis  of  the  fold  is  highest 
from  a  point  a  short  distance  north  of  Jackson  Creek  to  Turkey 
Creek,  4  miles  east  of  Silas,  beyond  which  it  pitches  veiy  gently  to 
the  north  and  northwest.  There  are  two  areas  along  this  axis  which 
are  slightly  higher  than  its  general  level — one  near  Salitpa  and  the 
other  near  Bladon  Springs.  The  height  of  the  axis  of  the  fold  is  best 
determined  from  the  altitude  of  the  base  of  the  Tallahatta  formation, 
whercTer  that  can  be  ascertained.  South  of  Jackson  Creek  its  base 
along  the  axis  of  the  fold  is  about  150  feet  above  sea  leveL  In  the 
area  near  Salitpa  the  hills  reach  an  altitude  of  180  feet  but  are  not 
high  enough  to  reach  the  Tallahatta;  in  the  hills  east  and  northeast 
of  Salitpa  the  base  is  at  150  to  180  feet  and  the  dip  there  is  to  the 
northeast.  It  is  quite  certain,  therefore,  that  the  base  near  Salitpa 
would  be  more  than  200  feet  above  sea  level  and  probably  as  much 
as  250  feet.  In  the  Hatchetigbee  Hills,  1  mile  northwest  of  Hatche- 
tigbee  Lake,  the  base  of  the  Tallahatta  reaches  a  maximum  of  not 
more  than  160  feet  above  sea  level.  Tins  area  along  the  axis  from 
sec.  22  to  sec.  8  (sec.  7  in  normal  township),  T.  8  N.,  R.  1  W.,  repre- 
sents a  slight  ''saddle''  in  the  anticlinal  axis.  Farther  northwest, 
along  the  axis,  the  base  of  the  Tallahatta  increases  in  altitude  ,- 
in  sec.  34,  T.  9  N.,  R.  2  W.,  it  is  at  about  190  to  200  feet.  Near 
Bladon  Springs  the  hills,  which  stand  180  to  190  feet  above  sea  level, 
do  not  reach  the  Tallahatta,  and  in  the  hills  southeast  of  Bladon 
Springs  the  base  of  the  Tallahatta  is  at  an  altitude  of  225  feet  in  its 
highest  parts,  where  it  is  dipping  strongly  to  the  south.  The  altitude 
of  the  base  along  the  axis  near  Bladon  Springs  would  be  more  than 
225  feet  and  might  be  as  much  as  275  or  300  feet  above  sea  level. 
Farther  northwest  along  the  axis,  in  sec.  13,  T.  9  N.,  R.  3  W.,  the 
base  is  at  200  to  210  feet,  and  thence  it  slopes  gently  northwestward 
to  140  feet  in  sec.  10  of  the  same  township  and  is  at  about  that  level, 
or  slightly  higher,  in  the  NE.  {  sec.  31,  T.  10  N.,  R.  3  W.  Beyond 
that  its  altitude  can  not  be  determined  except  near  Souwilpa,  where 
it  is  about  100  feet,  and  in  sec.  4,  T.  10  N.,  R.  3  W.,  where  it  is  about 
70  feet  above  sea  level. 

Four  miles  east  of  Bolinger  the  axis  of  the  uplift  appears  to  branch; 
the  main  axis  continues  in  its  normal  direction  to  the  northwest  and 
the  secondary  axis  trends  northwest  and  north,  causing  the  Talla- 
hatta buhrstone  to  be  exposed  in  Souwilpa  Creek  1  mile  southwest 
of  Barrytown  and  in  Mill  Creek  2  miles  southeast  of  Gilbertown. 
The  main  axis  appears  to  bend  more  to  the  west  where  it  crosses 
the  State  line  into  Mississippi. 
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According  to  Cooke  ^  the  Vicksbui^  group  has  an  abnormally 
wide  outcrop  along  Chickasawhay  River  between  Hiwannee  and 
Waynesboro,  a  condition  which  suggests  that  there  is  in  that  area, 
which  lies  south  of  the  normal  continuation  of  the  Hatchetigbee 
anticline,  a  lower  but  parallel  fold,  or  possibly  a  structural  terrace. 

The  axis  of  the  Hatchetigbee  antidine  is  not  accurately  determin- 
able, as  the  anticline  is  broad  and  comparatively  flat-topped  and 
shows  no  well-defined  axis.  The  dips  on  the  flank  of  the  anticline 
reach  a  maximum  of  1^  or  2^  at  a  distance  of  2  to  4  miles  from  the 
approximate  axis.  The  beds  on  the  southwest  side  of  the  fold  prob- 
ably continue  to  dip  to  the  south  at  a  variable  angle  beyond  the 
limits  of  this  fold  all  the  way  to  the  Gulf,  probably  without  any  pro- 
nounced folding;  on  the  northeast  side  the  beds  dip  from  a  fraction 
of  a  degree  to  1^  to  the  north,  within  10  to  12  miles  become  approxi- 
mately horizontal,  and  farther  north  gradually  assume  the  normal 
southerly  dip. 

JACKSON   FAULT. 

The  Jackson  fault  extends  from  a  point  near  Stave  Creek,  3  miles 
north  of  Jackson,  southeast  to  Bassett  Creek,  south  to  Central  Salt 
Works,  and  southwest  to  Tombigbee  River  near  Oven  Bluff.  (See 
PL  XXVI.)  Its  throw  ranges  from  about  300  feet  near  its  north  end 
to  at  least  450  feet  near  its  south  end.  The  upthrow  is  on  its  east 
side,  and  near  its  central  and  southern  parts  the  Hatchetigbee  forma- 
tion is  brought  into  contact  with  the  lower  part  of  the  Marianna 
limestone  C chimney  rock")-. 

The  Jackson  fault  is  well  shown  in  the  south  bank  of  Stave  Creek 
a  quarter  of  a  mile  north  of  the  center  of  sec.  19,  T.  7  N.,  R.  2  E. 
The  fault  plane  is  not  exposed  but  a  bluff  consisting  of  40  to  50  feet 
of  the  Tallahatta  buhrstone  is  within  225  feet  of  an  exposure  of  25 
feet  of  "chimney  rock"  on  the  same  level.  The  upthrow  is  on  the 
east  side  and  the  displacement,  which  brings  what  is  believed  to  be 
the  upper  part  of  the  Tallahatta  into  contact  with  the  "chinmey 
rock,"  amounts  to  at  least  300  feet  and  possibly  as  much  as  400  feet. 
Half  a  mile  northwest  of  this  locality  the  "chimney  rock"  appears 
to  be  in  contact  with  the  Lisbon  formation,  but  beyond  that  no 
definite  evidence  of  the  fault  was  foimd.  To  the  southeast  evidence 
of  the  fault  is  present  at  a  number  of  places.  One  mile  north  of 
Jackson  on  the  road  to  Parkers  Chapel  tiiere  is  a  broad  smk  hole  on 
the  west  side  of  the  road,  suggesting  the  presence  of  limestone  of 
Yicksburg  age,  whereas  a  short  distance  farther  north  the  lowest 
beds  of  the  Jackson  formation  are  exposed  on  the  west  side  of  the 
road  near  Erasmus  Taylor's  house.  The  upper  beds  of  indurated 
mad  of  the  Claiborne  and  the  lower  clay  beds  of  the  Jackson  formation 

1  CookB«  C.  W.«  inXonnal  ooinmuxiiaattoiL 
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are  poorly  exposed  near  Larkin  King's  house,  in  the  SW.  i  sec.  10, 
T.  6  N.,  R.  2  E.,  3  miles  southeast  of  Jackson,  at  an  altitude  of  about 
65  feet  above  sea  level.  One-eighth  of  a  mile  east  of  this  locality 
the  Hatchetigbee  formation  is  expoded  from  the  base  of  a  hill  up  to 
about  180  feet,  and  the  Tallahatta  buhrstoae  is  exposed  from  that 
level  to  the  hilltop,  about  240  feet  above  sea  level.  (See  section 
A-A',  PL  XXVI.)  It  is  evident  that  the  Jackson  fault  passes  be- 
tween these  two  localities  and  that  it  has  a  throw  of  at  least  250  to 
300  feet. 

In  the  SE.  i  SE.  i  sec.  16,  T.  6  N.,  R.  2  E.,  100  yards  northeast  of 
W.  F.  Calloway's  house,  15  feet  of  soft  white  "chimney  rock'*  is 
exposed,  and  the  hills  to  the  east  are  formed  of  clays  of  the  Hatchetig- 
bee formation,  capped  by  the  Tallahatta  buhrstone.  The  fault 
here  has  a  throw  of  at  least  400  feet  and  possibly  more.  Similar 
relations  are  found  in  the  SE.  i  sec.  9,  T.  5  N.|  R  2  E.,  where  the 
contact  of  the  "chimney  rock"  and  "horsebone"  is  exposed  at  an 
altitude  of  about  95  feet  above  sea  level,  whereas  one-eighth  of  a 
mile  to  the  east  the  clays  of  the  Hatchetigbee  are  seen  on  the  side  of 
a  steep  round  hill  up  to  an  altitude  of  265  feet.  The  throw  of  the 
fault  here  is  450  to  500  feet.  A  belt  of  poorly  exposed  Marianna 
limestone  appears  to  extend  along  the  west  side  of  the  fault  continu- 
ously from  the  Central  Salt  Works  to  Paynes  and  is  in  contact  with 
the  Hatchetigbee  formation  on  the  east  side. 

The  throw  of  the  fault  appears  to  be  greater  near  its  south  end. 
The  dip  on  the  upthrown  (east)  side  of  the  fault  is  at  an  angle  of  a 
fraction  of  a  degree  to  1^  or  2^  away  from  the  fault;  the  dip  on  the 
west  side  is  determinable  at  only  a  few  places,  where  it  is  toward  the 
faidt. 

MINOR  FOLDS  AND  FAULTS. 

A  small  fault  having  a  northwest  trend  is  well  exposed  in  the  road- 
side 1  mile  north  of  Winn,  near  the  center  of  the  NW..J  sec.  18, 
T.  8  N.,  R.  2  E.  Here  the  sand  member  of  the  Jackson  is  throwQ 
against  the  top  part  of  the  Red  Bluff  clay.  The  upthrow,  which 
amounts  to  about  60  feet,  is  on  the  west  side  of  the  fault.  One  mile 
northwest  of  this  locality,  in  the  south  bluff  of  Doatys  Creek,  the  basal 
clay  member  of  the  Jackson  is  thrown  against  the  lower  part  of  the 
Red  Bluff  clay.  One  mile  east  of  Winn  the  presence  of  the  fault  is 
also  inferred  from  the  relation  of  the  Jackson  and  Marianna  forma- 
tions. No  attempt  was  made  to  trace  this  fault  farther  to  the  north 
or  south. 

At  Paynes  a  bluish-green  sand  is  exposed  in  the  banks  of  Fishers 
Creek  near  its  mouth,  whereas  in  the  south  bluff  of  the  creek  and  in 
the  creek  about  one-third  mile  above  its  mouth  the  upper  limestone 
of  the  Vicksburg  group  is  exposed.    The  age  of  the  sand  is  not  known, 
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but  it  is  not  in  its  nonnal  position;  it  is  beliaved  to  be  of  Bed  Bluff 
age  and  to  be  faulted  into  its  present  position.  If  this  inference  is 
true,  the  fault  trends  north  or  slightly  northeast  and  has  its  upthrow 
on  the  west  side. 

The  presence  of  the  Jackson  formation  in  the  center  of  sec.  2, 
T.  10  N.,  R.  3  W.y  near  the  center  of  sec.  6  of  the  same  township,  and 
in  sees.  2  and  3,  T.  10  N.,  R.  4  W.,  and  the  presence  of  the  Tallahatta 
buhrstone  in  the  bottom  of  Mill  and  Okatuppa  creeks  immediately 
south  of  a  line  connecting  these  three  areas  of  the  Jackson  indicate  a 
strongly  flexed  syncline  or  a  fault  with  a  downthrow  on  the  north 
side.  This  area  was  not  studied  in  suflBlcient  detail  to  determine  the 
exact  structural  relations. 

POSSIBILITIES  OF  OIL.  AND  GAS. 
QENEBAL  OONSIDEBATIONS. 

The  study  of  productive  oil  fields  has  yielded  much  information 
concerning  the  occurrence  of  oil,  particularly  concerning  the  age  and 
nature  of  the  containing  and  associated  rocks  and  of  the  structural 
conditions  under  which  it  occurs.  Little  definite  information  has 
been  obtained,  however,  as  to  the  processes  which  give  rise  to  the 
formation  of  petroleum  and  the  factors  which  influence  its  migration 
and  collection  in  commercial  pools:  The  apphcation  of  the  knowl* 
edge  which  has  been  gained  to  new  and  unexplored  areas  sheds  some 
light  on  the  possible  occurrence  of  oil. 

There  are  two  problems  to  be  considered.  Does  oil  exist  in  the 
region;  and  if  so,  where  has  it  accumulated  in  commercial  pools} 
In  some  areas,  particularly  near  productive  pools,  the  presence  of  oil 
is  highly  probable  provided  well-developed  anticlines  occur  and  the 
productive  sands  of  the  neighboring  fields  are  present  within  reach 
of  the  drill.  Thus,  in  parts  of  Oklahoma  and  on  the  Sabine  uplift  in 
northwestern  Louisiana  the  existence  of  an  anticline  is  strong  evi- 
dence of  the  presence  of  oil  in  the  underlying  rocks.  This  area 
in  Alabama,  however,  is  so  far  removed  from  productive  oil  fields 
that  the  presence  or  absence  of  oil  in  it  is  the  prime  consideration  and 
the  location  of  the  most  promising  areas  for  the  accumulation  of  oil 
is  secondary.  Unfortunately  geologic  evidence  here,  as  in  many 
other  places,  sheds  more  light  on  the  probable  location  of  oil,  if  any 
is  present,  than  on  its  presence  or  absence.  Although  the  drill 
must  prove  whether  or  not  oil  occurs  in  the  area  of  the  Hatchetigbee 
anticline,  the  evidence  of  its  presence  and  especially  of  its  probable 
location  is  worthy  of  consideration. 

EVIDENCE  OF  OIL. 

In  this  area  the  best  evidence  of  the  presence  of  oil  which  may  have 
collected  in  commercial  quantities  under  favorable  structural  condi- 
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tions  would  be  a  little  oiL  The  absence  of  seeps  of  oil  or  of  traces  of 
it  in  shallow  wells,  however,  is  not  convincing  evidence  that  it  does 
not  exist  in  the  buried  rocks,  as  no  trace  of  oil  was  found  in  a  number 
of  important  fields  of  this  country  prior  to  the  tapping  of  the  pro- 
ductive sand  b J  the  drill.  This  was  true  of  the  Caddo,  De  Soto-Red 
River,  and  Corsicana  fields  and  seems  to  be  particularly  true  of  all 
the  Coastal  Plain  fields  except  those  of  the  salt-dome  type.  However, 
the  existence  of  a  fault  of  large  displacement  in  the  area  imder  con- 
sideration makes  the  absence  of  oil  seeps  more  significant  than  they 
would  otherwise  be. 

An  asphaltic  material  which  has  been  described  as  fossil  resin  has 
been  found  near  Cocoa  post  office,  in  Choctaw  County,  and  near 
Dayton,  in  Marengo  County,  Ala.*  Samples  from  both  of  these 
localities  have  been  examined  by  Chase  Palmer,  of  the  United  States 
Geological  Survey,  who  reports  as  follows: 

They  begin  to  soften  at  130^  0. 

They  are  partly  soluble  in  ether,  giving  a  fluorescent  solution. 

Most  of  the  material  insoluble  in  ether  dissolves  in  carbon  tetrachloride. 

The  resin  test  in  the  alcoholic  extract  is  n^ative. 

These  spedmens  appear  to  be  asphaltie  rather  than  resinous. 

Accordmg  to  Cooke  ^  the  asphaltic  material  occurs  near  Cocoa 
post  office  as  thin  seams  1  inch  x)r  less  in  width  in  the  ^^Zeuglodon 
bed''  of  the  Jackson  formation.  The  seams,  where  observed,  are 
parallel  to  the  bedding  of  the  including  marL 

Oil  is  found  in  sedimentary  rocks  ranging  in  age  from  Cambrian  to 
Quaternary;  thus  it  seems  that  the  age  of  the  rock  has  little  or  noth- 
ing to  do  with  the  occurrence  of  petroleum,  although  petroleum  is 
present  over  wide  areas  in  certam  geologic  formations.  More  im- 
portant than  the  age  of  the  rocks  is  the  presence  of  oiganic  matter 
left  by  abundant  plant  or  animal  life  in  Uiem — matter  which,  under 
conditions  Uttle  understood,  is  capable  of  being  transformed  into  oil 
and  gas.  Oil  in  the  Appalachian  fields  is  believed  by  some  geologists 
to  have  been  derived  largely  from  land  plants;  whereas  part  at  least 
of  the  oil  in  the  fields  of  the  Gulf  Coastal  Plain  is  beUeved  to  have 
been  derived  from  marine  plants  or  animals.'  The  Midway,  Selma, 
and*  Eutaw  formations  are  of  marine  origin,  and  contain  at  their 
outcrops  traces  of  abundant  oiganic  remains,  a  part  of  which  may 
have  been  converted  into  petroleum  siace  the  beds  were  laid  down. 
The  sand  and  sandy  clay  immediately  overlying  the  chalk  (see  log  of 
Cullom  Springs  well,  PL  X^IX)  and  the  sands  at  the  base  of  the  chalk 


1  Smith,  £.  A.,  JohnsoD,  L.  C,  and  Langdon,  D.  W.,  Jr.,  On  the  geology  of  the  Coastal  Plain  of  Alabama, 
pp.  196-198,  Alabama  Geol.  Survey,  1894. 

*  Cooke,  C.  W.,  Informal  communication. 

•MatBon,  Q.  C,  and  Hopkins,  O.  B.,  The  Conicana  oil  and  gas  field.  Tax.:  TJ.  8.  Oeol.  Somy  Boa 
Ml,  pr .  241-344, 1917  (BuU.  flOl-F). 
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are  considered  to  be  the  most  favorable  beds  for  the  concentration 
of  oil  and  gas,  if  they  exist  in  this  area. 

The  Tuscaloosa  formation,  which  lies  below  the  Eutaw,  contains 
both  subaerial  and  semimarine  deposits,  and  in  the  area  of  its  out- 
crop some  of  its  beds  carry  vegetable  remains.  The  possibilities  of 
the  occurrence  of  oil  in  this  formation  are  twofold — ^the  oil  may  have 
been  derived  from  the  transformation  of  the  organic  material  con- 
tained in  it,  or  it  may  have  been  derived  from  the  Paleozoic  rocks 
which  doubtless  underlie  it^  and  which  in  the  area  to  the  north  are  in 
part  carbonaceous  and  bituminous.  The  fact  that  this  formation  is 
so  thick  and  so  dominantly  sandy  detracts  from  its  possibilities  of 
yielding  oil  and  gas,  as  fairly  thin  but  persistent  sand  beds  in  the 
midst  of  thick  deposits  of  clay  or  shale  seeiA  to  present  the  most 
favorable  condition  for  their  accumulation.  Oil  is  more  likely  to 
occur  in  the  overlying  formations  than  in  this  formation. 

The  deformation  of  an  area  has  in  several  ways  an  important 
bearing  on  the  possible  occurrence  of  oil — ^it  may  aid  the  transforma- 
tion of  organic  d6bris  into  petroleum,  it  may  aid  in  the  transfer  of 
the  petroleum  from  fine-grained  to  coarser-grained  beds  and  in  the 
migration  in  those  beds,  and  it  may  produce  folds  suitable  for  the 
trapping  of  commercial  pools  of  oil  and  gas.  The  wide  distribution 
of  petroleum  in  Louisiana  and  Texas  and  its  general  absence,  so  far 
as  known,  in  the  States  east  of  Mississippi  River  where  beds  of 
the  same  age  and  general  character  have  been  deposited  may  be  due 
in  part  to  the  greater  deformation  of  the  same  strata  in  those  States. 
However,  so  far  as  known,  the  defonnation  has  been  greater  and 
more  pronounced  folds  and  faults  have  been  developed  in  the  area 
here  discussed  than  in  any  other  area  of  the  Coastal  Plain  east  of  the 
Mississippi  Therefore,  so  far  as  the  deformation  is  concerned  this 
area  is  particularly  favorable  for  the  occurrence  of  oil  and  gas. 

The  Hatchetigbee  uplift  is  so  far  removed  from  productive  fields 
where  the  geologic  conditions  are  similar  that  a  comparison  between 
them  is  of  little  value.  The  nearest  comparable  fields  are  those  of 
northwestern  Louisiana,  the  Caddo  and  De  Soto-Red  River  fields. 
In  both  regions  the  beds  of  Wilcox  age  crop  out  at  the  surface  and 
are  underlain  by  beds  of  the  same  age;  the  structure  here  is  more 
strongly  developed  than  there;  the  general  succession  of  beds  in  the 
upper  part  of  the  section,  including  the  Midway,  Ripley,  and  Selma, 
is  somewhat  similar  in  the  two  areas,  but  the  lower  formations  are 
widely  different. 

The  following  data  regarding  deep  drilliDgs  in  this  area  are  given 
because  of  their  bearing  on  the  possible  occurrence  of  oil  and  gas. 

1  The  Tuscaloosa  xnay  be  separated  In  thia  area  from  tbe  Paleofoio  rocks  hj  deposits  of  Lower  Cretaceous 
age^stioh  M  are  found  to  tbe  east  and  west. 
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This  information  was  taken  largely  from  a  report  by  Smith  ^  supple- 
mented by  the  meager  information  obtained  dming  the  field  studies. 

Cullom  Springs  well,  three-fourthB  miie  west  of  Bladon  Springs,  Choctaw  Coanty; 
drilled  in  1884-85  by  Capt.  Trowbridge;  depth,  1,345  feet;  starts  in  Hatchetigbee  for- 
mation and  reaches  the  upper  part  of  Hie  Selma  chalk  (see  log,  PI.  XXIX);  yields 
strong  flow  of  salt  water  and  some  gas.  (See  analysis,  p.  311.) 
•  St.  Stephens  Oil  Co.'s  well,  in  sec.  27,  T.  7  N.,  R.  1  W.,  in  the  northwest  comer  of 
the  old  Spanish  grant  known  as  the  John  McGrew  tract,  about  1,000  feet  from  Oil 
Well  Landing  on  Tombigbee  River,  above  St.  Stephens  Landing,  Washington  Coanty, 
drilled  in  1902  by  James  Keoughan,  contractor;  depth,  2,006  feet;  starts  in  upper  part 
of  Ciaibome  group  (probably  Lisbon  formation)  and  may  reach  the  Selma  (JuJk. 

Well  at  Beckhams  Landing,  near  Salitpa,  Clarke  County;  drilled  1903-4;  depth 
2,600  feet. 

Well  at  lock  No.  1,  Tombigbee  River,  Clarke  County;  drilled  by  Maj.  Hill;  depth 
reported  to  be  about  2,700  feet;  yields  flow  of  salt  water  and  some  gas. 

Bolen  well,  in  the  northeast  comer  of  the  SE.  i  S£.  i  sec.  17,  T.  7  N.,  R.  1 E.,  north- 
west of  Jackson,  Clarke  County;  drilled  in  1902-3  under  direction  of  S.  A.  Hobeon; 
depth,  740  feet;  yields  salt  water  and  some  gas.    (See  analysis,  p.  311.) 

Edgar  Oil  Co.'s  well,  in  the  NW.  J  SW.  J  sec.  26,  T.  7  N.,  R.  1  E.,  northwest  of 
Jackson,  Clarke  County;  drilled  in  1903-4  by  W.  R.  Osborne;  depth,  1,201  feet; 
started  in  Marianna  limestone. 

Bush  well,  on  State  land  near  center  of  sec.  27,  T.  7  N.,  R.  1 E.,  northwest  of  Jack- 
son, Clarke  County;  drilled  in  1902  by  Geoige  D.  and  W.  R.  Osbome  for  T.  G.  Bush 
&  Co. ;  depth  not  known,  but  reported  to  be  more  than  800  feet;  near  outcrop  of  base 
of  Jackson  formation. 

Salt  Mountain  well,  in  the  southwest  comer  of  the  NW.  J  SW.  J  sec.  34,  T.  6  N.,  R. 
2  £.,  6  miles  south  of  Jackson,  Clarke  County;  drilled  in  1904-5  under  the  direction 
of  S.  A.  Hobson;  depth  921  feet;  near  outcrop  of  Marianna  limestone. 

Of  these  eight  wells  the  one  most  favorably  located  structuraUy  is 
that  at  Cullom  SpringSi  which  probably  reaches  the  upper  part  of  the 
Selma  chalk.  All  the  other  wells  are  unf ayorably  located  structurally 
and  yield  little  or  no  information  regarding  the  possible  occurt*ence  of 
oil  and  gas  in  the  upper  part  of  the  Hatchetigbee  anticline.  The 
Cullom  Springs  well  is  disappointing  in  that  it  did  not  make  a  better 
showing.  However,  the  lack  of  information  regarding  the  depths  at 
which  casings  were  set  makes  it  impossible  to  draw  any  positive 
deductions  as  to  the  content  of  the  sands  penetrated.  (See  analysis 
of  gas  from  this  well,  p.  311.) 

With  the  exception  of  the  Cullom  Springs  well  (see  PL  XXVI),  all 
the  wells  drilled  in  this  area  in  search  for  oil  were  located  near  salt- 
water seeps  and  shallow  salt-water  wells,  because  it  was  believed 
that  salt  water  indicated  the  presence  of  a  salt  dome,  with  which  oil 
is  commonly  associated  in  the  Gulf  coastal  region.  The  results  of  the 
drilling  of  these  wells  and  the  study  of  the  area  show  conclusively 
that  no  salt  domes  are  present  here,  although  it  is  unusual  to  find  salt 
water  within  a  few  feet  of  the  surface  in  the  Gulf  coastal  region  where 
salt  domes  are  not  present.  The  salt  water  which  is  associated  with  a 
small  quantity  of  inflammable  gas,  is  found  in  four  areas,  generally 

1  Smith,  E.  A.,  Undeigrouiid  water  resooroes  of  Alabama,  Alabama  Qeol.  Surwy,  1907. 
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more  or  less  closely  associated  with  the  outcrop  of  the  Hatchetigbee, 
formation,  as  follows:  At  the  Lower  Salt  Works,  in  sees.  21  and  28, 
T.  5  N.,  R.  2  E.,  12  miles  south  of  Jackson;  at  the  Central  Salt  Works, 
in  sees.  33  and  34,  T.  6  N.,  R.  2  E.,  6  miles  south  of  Jackson;  at  the 
Upper  Salt  Works,  in  sees.  16,  17,  and  21,  T.  7  N.,  R.  1  E.,  6  miles 
northwest  of  Jackson;  and  in  Washington  County,  4  to  6  miles  north 
of  St.  Stephens,  mainly  on  Tauler  Creek.  The  general  association  of 
the  salt  water  with  the  Hatchetigbee  suggests  that  it  may  be  derived 
from  that  formation,  which  would  be  normally  about  400  to  500  feet 
below  the  surface  in  this  area  if  it  were  not  for  the  folding  and  uplift- 
ing of  the  l-ocks.  However,  the  salt  water  may  be  derived  from 
deeply  buried  formations  and  reach  the  surface  along  the  fault,  which 
is  described  on  page  305. 

It  was  thought  that  if  the  salt  water  has  escaped  from  underlying 
formations  along  faults  the  associated  gas  might  shed  some  Ught  on 
the  possible  occurrence  of  oil  in  the  deeply  buried  rocks.  Conse- 
quently samples  were  collected  from  a  shallow  salt-water  well  and 
from  two  wells  drilled  in  search  for  oil,  and  they  have  been  analyzed 
with  the  following  results: 

Analyus  of  gas  from  wells  near  Bladon  Springs  and  Jackson,  Ala. 

[F.  M.  Selbert,  Bureau  of  Mines,  analyst.) 
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8485.  CuUom  Sprincs  well,  near  Bladon  Sprinra,  Ala. 

8488.  Bolen  well.  SB.  i  8E.  \  sec.  17,  T.  7  N..  R.  1  E.,  9  miles  northwest  of  Jackson,  Ala. 

8487.  Shallow  salt  well  100  yards  north  of  Bolen  well 

To  judge  from  these  analyses,  the  gases  may  be  of  either  surface 
or  deep-seated  origin,  as  they  fall  within  the  range  in  composition  of 
both  types  and  have  none  of  the  diagnostic  characters  of  either.  It 
is  significant  that  they  do  not  leave  an  oily  film  on  the  water  and  they 
do  not  contain  any  ethane,  which  is  characteristic  of  many  but  not  all 
deepHseated  gases.  These  analyses  shed  no  light  on  the  presence  or 
absence  of  oil  and  deep-rock  gas  in  the  underlying  formations. 

The  presence  of  salt  water  in  the  underlying  formations  is  a  some- 
what favorable  indication,  for  oil  and  gas  are  commonly  associated 
with  salt  water.  It  suggests  that  there  has  not  been  a  vigorous 
circulation  of  the  fluids  in  the  imderlying  rocks,  which  might  have  led 
to  the  loss  of  any  petroleum  contained  in  them,  as  the  free  movement 
of  the  water  aids  the  movement  of  the  petroleum.  If  the  circulation 
had  been  vigorous  fresh  water  and  not  brines  would  have  been  foimd 
in  the  underlying  beds. 
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Where  water,  oil,  and  gas  fill  a  folded  porous  bed,  they  tend  to 
separate  according  to  their  relative  gravity;  the  gas,  which  is  lightest, 
fills  the  crests  of  the  upfolds,  the  oil  comes  next,  and  the  water  is 
below  that.  The  areas  occupied  by  each  of  these  materials  depend 
on  their  relative  amounts.  If  much  gas  is  present  in  proportion  to  the 
size  of  the  fold,  the  oil  will  be  found  down  on  its  flank;  if  little  or  no 
gas  is  present  the  oil  may  occupy  the  crest  of  the  fold.  In  general, 
the  crest  of  a  fold  and  particularly  high  areas  along  the  crest  are  most 
promising  and  should  be  tested  first.  Oil  is  found  also  on  the  flanks 
of  a  fold  where  there  are  minor  folds  or  where  the  rate  of  dip  changes 
or  in  areas  of  porous  sands. 

The  Hatchetigbee  anticline  has  a  more  favorable  structure  for 
the  accumulation  of  oil  and  gas  than  the  Jackson  fault,  although  the 
most  favorable  areas  along  both  are  worthy  of  tests.  The  Hatchetig- 
bee anticline  is  capable  of  effecting  the  accumulation  of  oil  and  gas 
migrating  up  or  down  the  dip,  either  from  the  northeast  or  from  the 
southwest,  and  there  seems  to  be  little  or  no  opportunity  for  its 
escape  to  the  surface,  as  the  fold  is  believed  not  to  be  extensively 
faulted..  The  Jackson  fault,  on  the  other  hand,  seems  to  present 
favorable  conditions  for  oil  accumulation  only  on  its  east  side,  and 
oil  could  have  accumulated  there  only  by  migrating  up  the  dip  from 
the  east.  There  is  also  the  possibility  that  any  oil  accumulating  thus 
may  have  escaped  along  the  fault  plane,  although  no  evidence  of  such 
an  escape  exists. 

The  most  favorable  areas  on  the  Hatchetigbee  anticline  for  testing 
are  along  the  crest  of  the  anticline  from  Jackson  Creek  to  Turkey 
Creek  and  particularly  near  Salitpa,  from  sec.  5,  T.  7  N.,  R.  1  E., 
to  sec.  22,  T.  8  N.,  R.  1  W.,  and  near  Bladon  Springs  from  sec.  19  to 
sec.  34,  T.  9  N.,  R.  2  W.  Other  favorable  areas  for  testing  are  along 
Mill  Creek  in  sees.  4,  9, 16,  and  21,  T.  10  N.,  R.  3  W. 

The  most' favorable  area  along  the  Jackson  fault  for  testing  is  a 
belt  about  1  mile  wide  along  its  east  side,  stretching  from  sec.  21, 
T.  6  N.,  R.  2  E.,  to  sec.  10,  T.  6  N.,  R.  2  E.  The  undei^round  condi- 
tions along  this  belt  are  essentially  the  same  as  those  along  the  crest 
of  the  Hatchetigbee  anticline;  the  Hatchetigbee  formation  is  at  the 
surface,  and  the  underlying  sands  will  be  encountered  at  about  the 
same  depth  as  along  the  crest  of  the  anticline.  The  beds  are  some- 
what higher  in  the  southern  half  of  this  belt,  and  the  conditions  there 
are  somewhat  more  favorable  for  the  accumulation  of  oil  and  gas. 

If  the  areas  described  above  as  the  most  promising  in  the  region 
covered  by  this  report  are  found  to  be  productive  of  oil  or  gas,  there 
are  other  areas  in  the  neighboring  region  which  are  worthy  of  investi- 
gation.   This  is  particularly  true  of  the  area  along  Chickasawhay 
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River  between  Waynesboro  and  EQwannee,  referred  to  on  page  305, 
and  the  area  along  the  Lower  Peach  Tree  anticlinei  as  described  by 
Smith  and  others.^ 

DEPTHS  TO  PBOBABLB  PBODTTCTIVE  FOBKATIONS. 

The  nearest  sands  above  and  below  the  Sehna  chalk  are  considered 
the  most  favorable  for  oil  and  gas.  The  position  and  thickness  of 
the  sands  above  the  chalk  are  shown  in  the  plotted  log  of  the  CuUom 
Springs  well  in  Plate  XXIX.  This  log  shows  the  presence  of  three 
sands  within  about  400  feet  above  the  Selma.  The  sands  that  occur 
at  780,  900,  and  1,200  feet  in  this  well  will  be  found,  if  present,  at 
about  the  same  depths  along  the  crest  of  the  Hatchetigbee  anticline 
from  Bladon  Springs  to  Salitpa.  Although  these  sands  were  pene- 
trated in  the  CuUom  Springs  well  and  found  to  be  unproductive, 
they  may  be  productive  on  other  parts  of  the  anticline. 

The  base  of  the  Selma,  which  is  about  1,000  feet  thick  at  its  nearest 
measured  locality,  will  be  reached  here  at  about  2,200  feet.  The 
Eutaw  formation,  which  lies  below  the  Sehna,  contains  at  its  outcrop 
much  sand  and  sandy  clay,  as  shown  in  Plate  XXIX.  The  thickness 
of  this  formation  in  this  area  is  not  known;  at  its  outcrop  to  the  north 
it  18  400  to  500  feet  thick,'  and  it  is  probably  not  thicker  than  that 
here.  If  this  is  the  correct  thickness  the  base  of  the  Eutaw  will 
be  reached  here  at  about  2,700  feet.  This  formation  should  be  care- 
fully tested  for  oil  and  gas,  as  it  has  not  been  penetrated  in  this 
area.  The  maximum  thickness  of  the  Tuscaloosa  is  given  at  1,000 
feet/  but  it  is  doubtful  whether  the  formation  attains  that  thickness 
in  this  area.  The  maximum  depth  at  which  the  base  of  the  Tuscaloosa 
should  be  reached  is  thus  about  3,700  feet.  It  is  quite  likely  that 
the  Lower  Cretaceous  beds  will  be  found  below  the  Tuscaloosa,  as 
they  crop  out  in  east-central  Alabama  and  appear  to  be  overlapped 
to  the  west.  Their  thickness  and  character  here  are  matters  of 
specidation. 

1  Smith,  E.  A.,  Johnson,  L.  C,  and  Langdon,  D.  W.,  Jr.,  On  the  geology  of  the  Coastal  Plain  of  Alabama: 
pp.  207-211,  Alabama  Oeol.  Survey,  1894. 

>  Stephenson,  L.  W.,  Cretaoeons  deposits  of  the  eastern  Oulf  region:  V,  S.  Qeol.  Survey  FioL  Ttiper  81, 
p.  20. 1014. 
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PHOSPHATIC  OIL  SHALES  NEAR  DELL  AND  DILLON, 

BEAVERHEAD  COUNTY,  MONTANA. 


By  C.  F.  BowEN. 


INTRODUCTION. 

Beported  occurrences  of  oil  shale  in  Montana  led  to  a  prelimi- 
nary investigation  by  the  United  States  Geological  Survey  in  the 
early  part  of  October,  1916,  of  two  localities,  one  in  what  is  known 
as  Muddy  Creek  basin,  8  or  10  miles  west  of  Dell,  and  the  other 
in  Smallhorn  Canyon,  about  10  miles  south  of  Dillon.  (See  fig. 
33.)    The  oil  shale  that  promises  to  be  most  valuable  occurs  at  about 


FiouBB  83. — Index  map  showing  location  of  Dell  and  Dillon,  Beaverhead  Coonty,  Mont. 

the  same  horizon  as  the  phosphate  deposits  of  Montana,  Idaho,  and 
Wyoming  and,  in  addition  to  the  oil  it  yields,  contains  considerable 
phosphate.  Laboratory  tests  have  shown  that^  the  phosphate  is 
not  driven  off  by  distillation,  and  the  fact  that  the  shale  yields  oil 
on  distillation  and  yet  retains  a  notable  quantity  of  phosphate  in 
the  ash  presents  to  the  technologist  a  problem  whose  solution  may 
be  economically  as  valuable  as  it  is  scientifically  interesting. 

815 
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STRATIGRAPHY  AND   STRUCTURE. 

The  strata  are  greatly  disturbed  by  folding  and  faulting ;  at  some 
places  they  are  very  much  shattered  and  stand  nearly  vertical,  so 
that  the  sequence  of  formations  is  difficult  to  determine  by  hasty 
examination,  but  the  sequence  in  the  Muddy  Creek  basin  seems  to 
be  as  follows: 

1.  A  hard  vitreous  quartzite,  probably  a  few  hundred  feet  thick, 
seems  to  be  the  oldest  sedimentary  rock.  This  quartzite  was  not 
seen  in  normal  position  at  any  place,  but  on  Muddy  Creek  and  at 
the  mouth  of  Smallhom  Canyon  it  appears  to  underlie  limest<Hie 
of  probable  Mississippian  age.  No  fossils  were  obtained  from  the 
quartzite,  and  its  age  is  therefore  not  known. 

2/ Apparently  upon  the  quartzite  lies  a  gray,  massive  to  thick- 
bedded  crystalline  limestone,  which  at  Smallhom  Canyon  and  at 
Sheep  Canyon,  about  2  miles  southeast  of  Smallhom  Canyon,  seems 
to  be  conglomerate  at  the  top.  The  conglomerate  is  overlain  by 
a  bed  of  red  shale,  and  both  the  conglomerate  and  the  shale  may 
belong  to  an  overlying  formation.  A  few  fossils  obtained  from  this 
limestone  are  believed  by  G.  H.  Girty  to  be  of  Mississippian  age. 

3.  Overlying  the  limestone  (No.  2)  is  a  great  thickness  of  sand- 
stone containing  some  highly  calcareous  beds  and  possibly  some  true 
limestone  and  chert.  This  formation  was  not  studied  in  detail,  and 
no  fossils  were  obtained  from  it  It  seems  to  correspond  in  posi- 
tion to  the  Quadrant  quartzite, 

4.  The  thick  sandstone  (No.  8)  is  overlain  by  a  few  hundred  feet 
of  gray  limestone,  which  is  covered  by  sandy  beds.  Fossils  obtained 
both  from  the  limestone  and  from  the  sandy  beds  are  assigned  by 
Mr.  Girty  to  "  the  Phosphoria  formation,  now  regarded  as  of  Per- 
mian age." 

5.  The  gray  limestone  (No.  4)  is  overlain  by  1,600  feet  or  more  of 
thin-bedded  pinkish  limestone,  in  which  there  may  be  some  beds  of 
shale.  Fossils  obtained  from  the  lower  part  of  this  limestone  are 
provisionally  referred  by  Mr.  Girty  to  the  Lower  Triassic. 

6.  Upon  this  thin-bedded  limestone  (No.  6)  perhaps  unconform- 
ably  lies  a  series  of  red  beds,  which  are  highly  conglomeratic  at  the 
base.  \ 

7.  The  greater  part  of  Muddy  Creek  basin  is  occupied  by  a  series 
of  fresh-water  conglomerates,  sandstones,  shales,  and  liihestones, 
from  which  were  obtained  a  few  fossil  shells  and  leaves  that  indi- 
cate Tertiary  age.  These  fossils  are  not  sufficiently  distinctive,  how- 
ever, to  fix  the  age  more  definitely.  The  beds  appear  to  overlap 
the  underlying  formations  and  vary  considerably  from  place  to 
place  in  lithologic  character  and  in  color,  the  prevailing  colors  being 
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green,  gray,  brown,  and  white.  Some  of  the  sandstones  appear  to  be 
tuffaceous.  Conglomerate  is  dist)ributed  more  or  less  through  the 
mass  but  is  most  abundant  in  the  lower  part 

THE  Olli  SHAIiE. 

GGCTJBBENGE  AND  PBOPEBTIES. 

■ 

The  interesting  thing  in  connection  with  the  section  described 
above  is  the  occurrence  in  it  of  oil  shale  at  two  horizons,  one  at  the 
top  of  No.  4  (Phosphoria  (?)  formation)  and  the  other  in  the  Ter- 
tiary lake  beds.  Both  these  shale  zones  are  exposed  in  Muddy  Creek 
basin  but  only  the  lower  one  is  exposed  in  Smallhorn  Canyon,  the 
Tertiary  beds  not  being  represented  there. 

The  lower  shale  is  exposed  on  the  east  side  of  Muddy  Creek  basin 
and  dips  westward  at  an  angle  of  25°  to  80°.  The  ^ale  is  black, 
gives  a  brownish  streak,  and  has  an  oolitic  texture.  In  general  the 
oolites  seem  to  be  distributed  promiscuously,  but  in  some  specimens 
there  are  narrow  bands  nearly  devoid  of  them.  On  fracture  the  shale 
shows  what  appears  to  be  slipping  planes,  which  have  a  glistening, 
oily,  or  waxy-looking  surface  on  which  a  slight  iridescence  is  in 
places  noticeable.  When  rubbed  a  freshly  broken  surface  emits  an 
unmistakable  odor  of  petroleum,  and  when  placed  in  a  fire  the  shale 
will  burn.  A  dry  distillation  test  on  a  small  sample  yielded  9  gallons 
of  oil  per  ton,  but  a  test  made  on  a  larger  sample  gave  only  7.5  gal- 
lons per  ton.  As  this  shale  resembles  shales  that  are  associated  with 
the  phosphate  beds  of  Idaho  and  Wyoming  it  was  tested  roughly 
for  phosphate.  The  test  showed  that  it  contains  considerable  phos- 
phate and  led  to  a  more  detailed  analysis  of  a  larger  sample. 

The  upper  shale  horizon  occurs  about  the  miiddle  of  the  Tertiary 
lake  beds  (No.  7  above)  and  is  exposed  about  one-fourth  mile  we^ 
of  MacKay's  oil  rig.  This  shale,  when  fresh,  is  light  brown,  but  it 
weathers  nearly  white,  though  in  places  it  bears  a  yellowish  coating. 
In  the  process  of  weathering  the  shale  breaks  up  into  thin  laminae 
or  flakes  resembling  manila  paper.  It  contains  an  abundance  of 
vegetal  remains  and  some  well-preserved  leaves,  chiefly  of  Sequoia. 
This  shale,  like  that  from  the  lower  horizon,  will  bum  when  exposed 
to  a  strong  flame,  but  does  not  give  an  odor  of  petroleum  on  freshly 
broken  surfaces.  On  distillation  it  yields  about  eight  gallons  of  oil 
per  ton.  The  bed  is  about  100  feet  thick.  Thinner  beds  occur  in  other 
parts  of  the  section,  some  of  which  contain  thin  streaks  of  lignite.  In 
fact,  except  for  its  somewhat  lighter  color,  the  shale  has  very  much 
the  aspect  of  an  ordinary  carbonaceous  shale,  such  as  is  commonly 
associated  with  coal  beds. 
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About  10  miles  south  of  Dillon,  2  miles  above  the  mouth  of  Small- 
hom  Canyon,  a  bed  of  oil  shale  that  is  believed  to  lie  at  about  the 
same  horizon  as  the  lower  shale  in  Muddy  Creek  basin  is  exposed. 
The  bed  has  been  opened  up  by  a  tunnel  about  150  feet  long,  driven 
in  the  hope  of  finding  coal.  The  shale  is  dark  brown,  tough,  and 
dense,  without  oolitic  texture.  It  contains  numerous  megaspores 
and  minute  bodies  of  vegetable  origin.  A  sample  representing  a 
thickness  of  about  5  feet  taken  from  the  tunnel  mentioned  above 
yielded,  on  distillation,  24  gallons  of  oil  per  ton.  In  its  natural 
state,  however,  it  does  not  give  any  odor  of  petroleum.  It  also  con- 
tains only  a  small  quantity  of  phosphate. 

ANALYSES  OF  THE  SHALE. 

Analyses  of  a  sample  of  the  shale  from  Muddy  Creek  basin  and 
from  the  lower  horizon  in  Smallhom  Canyon  are  as  follows : 

AfuUyaes  of  oU  shale  from  Muddy  Creek  haMn  and  Smallhom  Canyon,  Mont, 

fCbase  Palmer  and  R.  M.  Kamm,  analyBts.) 
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Perhaps  the  most  interesting  and  significant  fact  in  connection 
with  the  analyses  is  the  association  of  phosphate  and  oil  in  consider- 
able quantities  in  shales  which  seem  to  occur  at  or  near  the  same 
horizon  as  the  extensive  phosphate  beds  of  Idaho,  Wyoming,  Utah, 
and  parts  of  Montana.  Evidences  of  petroleum  or  bituminous  com- 
pounds have  been  observed  over  wide  areas  by  those  who  have  worked 
on  the  phosphate  deposits,  but  few  if  any  tests  have  heretofore  been 
made  to  ascertain  the  quantity  of  oil  in  the  rocks.  The  quantity  of 
phosphate  is  much  greater  in  the  oolitic  than  in  the  nonoolitic  shale, 
which  suggests  that  there  may  be  some  relation  between  oolitic  texture 
and  phosphate  content.  Another  feature  is  the  fact  that  the  content 
of  phosphoric  acid  is  not  affected  by  burning  the  shale,  for  the  quan- 
tity of  phosphate  in  the  ash  is  almost  exactly  the  same  as  that  in  the 
original  sample.  The  phosphate  seems  to  be  present  as  a  mineral 
and  not  as  an  organic  compound,  its  form  being  probably  a  result  of 
the  metamorphism  of  the  rocks.  The  fact  that  the  phosphate  occurs 
as  a  mineral  and  is  not  decomposed  by  the  heat  required  to  distill  the 


PHOSPHATIC  OIL  SHALES  IN  BEAVERHEAD  COUNTY,  MONT.    319 

shale  may  have  an  important  technologic  application,  as  the  oil  in 
the  shale  might  be  used  as  fuel  to  calcine  the  phosphate  if  calcination 
is  desirable.  A  more  promising  investigation,  however,  would  be 
directed  to  the  utilization  of  the  ammonia  in  the  oil  to  produce 
ammonium  phosphate,  a  small  quantity  of  oil  being  obtained  as  a  by- 
product. Unless  some  such  combination  can  be  worked  out  the 
samples  tested  are  not  rich  enough  in  either  phosphate  or  oil  to  be  of 
present  value.  However,  as  the  shale  was  sampled  at  only  one  place 
in  each  locality  and  as  its  phosphatic  character  was  not  surmised  at 
that  time  but  was  discovered  later  in  the  office,  it  is  possible  that 
richer  material  may  be  discovered,  especially  material  richer  in  phos* 
phate,  as  high-grade  phosphate  occurs  at  Melrose,  about  30  miles 
north  of  Dillon. 

Considered  as  to  their  oil  content  these  are  true  oil  siiales  for  they 
contain  no  free  oil.  The  oil  is  obtained  from  them  by  the  destructive 
distillation  of  their  vegetable  matter,  almost  no  oil  having  been  ob- 
tained by  extraction  tests.  Furthermore,  as  noted  by  Chase  Palmer, 
the  ethereal  extract  seems  to  be  of  mineral  rather  than  vegetable  com- 
position— that  is,  it  probably  exists  as  some  form  of  mineral  wax  or 
other  hydrocarbon  produced  by  the  distillation  of  a  part  of  the 
original  organic  matter  in  the  shale*  This  distillation  could  have 
been  effected  by  the  metamorphism  to  which  the  rocks  have  been  sub- 
jected, shown  by  the  folding,  faulting,  and  squeezing  manifest  at 
many  places  and  by  the  crystallization  of  the  limestone.  A  consider- 
able part  of  the  organic  matter  that  was  originally  in  the  shale  may 
therefore  have  undergone  partial  distillation,  a  supposition  that  in 
turn  may  account  for  the  relatively  small  quantity  of  oil  obtained 
from  these  shales.  If  the  shales  have  already  undergone  partial 
distillation,  what  has  become  of  the  distillate?  Obviously  one  of  two 
things  has  happened.  Either  the  oil  has  escaped  into  the  atmosphere 
or  it  is  still  retained  in  the  rocks.  Where  the  shales  are  exposed,  as 
in  Muddy  Creek  basin,  the  oil  has  undoubtedly  escaped,  and  this 
may  account  for  the  slight  yield  on  extraction  from  shale  that  gives 
off  a  strong  odor  of  petroleum.  Where  the  shales  are  not  exposed 
they  may  have  been  a  source  of  supply  of  petroleum  in  areas  where 
the  structural  conditions  are  favorable  to  its  accumulation.  It  may 
therefore  be  possible  that  commercial  accumulations  of  oil  have 
been  formed  in  these  older  (Paleozoic)  rocks.  If  this  should  prove 
to  be  true,  it  would  open  up  a  new  field  for  exploration  in  the  West. 
Thus  far  the  Lander  oil  field,  in  Wyoming,  seems  to  be  the  only  place 
where  oil  has  been  obtained  in  commercial  quantities  from  the  Pale- 
ozoic rocks  in  the  Kocky  Mountain  region,  though  indications  of  oil 
have  been  noted  at  several  other  places  in  Wyoming  and  in  southern 
Utah. 
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DISTKIB  V  TIOK. 

In  the  preliminary  examination  here  described  no  attempt  was 
made  to  trace  these  shales  and  determine  their  distribution.  The 
writer  received  numerous  reports  of  the  occurrence  of  similar  shale  in 
other  places,  particularly  around  Lima  and  in  Horse  Prairie.  As 
the  shale  at  the  lower  horizon  is  interbedded  in  Paleozoic  rocks  and 
is  closely  related  to  if  not  identical  with  the  shale  at  the  phosphate 
horizon  it  is  probably  widely  distributed.  Whether  or  not  it  is 
equally  petroliferous  throughout  the  known  phosphate  area  remains 
to  be  determined,  for  the  phosphate  shales  at  other  localities  have  not 
yet  been  tested  for  oil. 

The  shale  in  the  Tertiary  lake  beds  is  probably  much  less  widely 
distributed  than  that  in  the  Paleozoic  rocks,  for  the  lake  beds,  which 
show  considerable  variation  in  lithology,  were  probably  deposited  in 
small  areas* 
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Girty,  George  H.,  fossils  determined 

by 162,  165-166,  198,  316 
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National  Carbon   Co.'s  well  No.  2, 

log  of 7 

Nayarro  formation,  nature  of,  in  the 
Corsicana  oil  and  gas 

field,  Tex 218- 

220,228 
occurrence  of,  on  the  Palestine 
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